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PREFACE. 



It should now be well known that the preservation of life and 
health is in a great measure dependent on the faithful prosecu- 
tion of sanitary works. On this account the information con- 
tained in this volume is made public^ for, important as the 
study of Sanitary Science may appear, nevertheless, up to the 
present time, no work has been published which treats entirely 
on subjects relating to sanitary engineering. The literature of 
sanitary engineers is, for the most part, spread over a vast 
number of Parliamentary papers. The present volume, treating 
entirely upon works of Sewerage and House Drainage, is offered 
as an instalment, to be followed by other volumes, so as to 
complete the whole range of the works in which the Sanitary 
Engineer is engaged. In compiling this volume, the author 
has not confined himself to examples taken exclusively from 
his own practice, but has given examples and opinions of other 
professional men, who are labouring in the same field with him, 
in prosecuting works for the welfare of humanity. The author 
is conscious that many imperfections exist in this volume, but 
his great anxiety has been to make the information it contains 
public as speedily as possible, and his excuse for not having 
presented it in better form must be that it has been hurriedly 
compiled in the moments of leisure snatched from active pro- 
fessional pursuits. 

B. L. 

7, WXflTMINSTEB ChAUBKBS, 

London, S.W., Afkil, 1873. 
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INTBODUOTION. 



NECESSITT OF SAKITABY MEAfiUBES. 



To those who have carefully studied the physiology of important to 
animal life it will be clear that life and health depend physLi!^. 
upon rightly understanding and practising those laws 
which constitute sanitary science. 

Pure air, pure water, and nutritious food, are the 
three great agents for promoting life and health. Any ^8«** YT 

T ^\. A t- • ui. *^ 4? moting life 

one of these once used, or combining with matter of a and health. 
known deleterious character, loses its vital property, Use of agents 
and becomes, as it were, poison, unfit again to fulfil ^^^j^ ^ 
its sanitary mission, until it has been exposed to 
those revivifying influences which will restore its 
vital energy. 

Pure atmospheric air consists of oxygen, nitrogen, Composition of 
and a small quantity of carbonic acid, and is inspired 
by the human subject at the rate of about 57 hogs- QuMtjtyof 
heads every twenty-four hours; the oxygen contained inspu^. 
therein (amounting to from 30 to 40 ounces) combines 
in the longs with the elements of the blood, and, so long Combination of 
as life exists, the air and blood are continually flowing b!^^ ^^ 
towards each other in the proportion of about 18 
volumes of air to 8 volumes of blood. The products of 
the oxidation of the blood are expelled by the lungs and 
skin as carbonic acid and water. A portion also of the Products cast 
inspired oxygen combines with the nitrogen and other ' 
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Causes of yitia- 
tioD of air. 



Action of 
decomposing 
matter in 
organic 
structures. 

ISfiects of breath- 
ing bad air. 



Use of water 
hj animals. 



All soluble 
substances in 
urine. 



Speedy action 
of bad water. 



Food and its 
purposes. 



I 



elements of the animal tissue ; and, after this com- 
bination, the products are eliminated from the system 
in the excretions. It is the oxygen of the atmosphere 
alone that has the power of oxidizing and removing the 
waste of animal life. The nitrogen is merely present as 
a diluenty which modifies the stimulating effect of the 
oxygen. Air once used loses its vitality, and becomes 
unfit to sustain life. Air, too, that is loaded with 
decomposing matter will not sustain life in health, 
because the oxygen of the air is absorbed or used up 
by the organic matters which are present when under- 
going decomposition. Air, carrying decomposing matter 
and the germs of disease, is also directly injurious, 
because it becomes the vehicle which conveys into the 
human system the organic elements undergoing decom- 
position, or a specific poison which has the power to 
reproduce itself in organic structures; consequently, 
the effect of breathing vitiated air, or air loaded with 
decomposing or other deleterious matter, is to lower 
the natural vitality so as to render the human subject 
susceptible of disease, and then the corruption of the 
blood may take place from contracting the poisonous 
elements just as effectually as if it were inoculated 
with any known poison. 

Water is the agent used for conveying nutrition to 
every part of the animal system ; and, after fulfilling 
this mission, it becomes the vehicle for conveying away 
all those soluble compounds which have subserved their 
purpose in the animal economy. Hence it is found that 
nearly all the soluble substances cast off by the animal 
creation are present in the urine. The necessity of pure 
water is as great as that of pure air. Deleterious 
matters present in water, as a rule, act more speedily 
than those present in the air, because, when conveyed 
in water, they pass at once by the rapid process of 
venous absorption into the system. 

The food we daily eat goes to make up for the daily 
loss and waste, or to replace those substances which 
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have been expired, or passed away in the excretions. 

The process of nutrition is carried on by the blood. By 

means of digestion and assimilation food is converted 

into blood, and only those substances capable of pro- -All food should 

ducing blood are of real yalue as food ; the rest are maSng Wood. 

discarded and passed away in the solid excrements: 

consequently, in the faeces is found all undigested food, 

as well as the solid matters which are excreted by the 

animal system. The nitrogenous compounds, all of Nitrogen in 

which are soluble in water, are principally passed away 

in the urine. The nitrogen present in the faeces is very Small quantity 

small, and is principally derived from the liquid which rU^^ 

is secreted in order to assist the passage of the solid 

faeces through the system. 

If the various processes carried on in the vegetable study vegetable 
kingdom are now considered, we shall find, when study- ^ ^^^ *^' 
ing the physiology of vegetable life, that oxygen, which 
is of such vital importance to the animal creation, is, 
simply as oxygen, of no special service to the vegetable Oxygen not 
kingdom ; but it has been arranged, in the good order yegetabies. 
of Providence, that all the agents, whether air, water, Air, water, 
or food, that have subserved the use of animals, and animals, ^ 
have ceased to promote animal life (having certainly P""^,**^ 
become converted into agents destructive to its exist- 
ence) have, by this very process, been made fit agents 
for the support of vegetable life. The vegetable king- 
dom utilizes those waste elements which have been cast 
off by the animal kingdom, and, after utilizing them, 
retains only those substances which the air or water had 
originally taken up from the animal, and in its turn, 
again gives up the air, water, and food, in a fit and 
healthM state for the use of animals. 

The foregoing simple physiological facts should be Necessity for 
well understood, for in rightly comprehending them lies animal 
the whole secret of successfully carrying on sanitary P^7«o*ogy« 
operations, and dealing in a scientific and proper 
manner with those compounds which are constantly 
being eliminated from the animal system, and which 

B 2 



4 NECESSITY OF SANITARY MEASURES. 

are destiued to become the food of the vegetable king- 
dom. 

In nature it has been provided that all those matters 
that have once served the purpose of the animal 
economy, if not at once brought into contact with the 
vegetable kingdom, shall undergo change, so as to 
render them fit to be again used by the animal crea- 
tion. Thus, urine and faeces are capable of undergoing 

Effects of change. By decomposition portions escape as gases 

* into the atmosphere, which being dispersed by the wind 
soon become food for plants. Others, again, combine 
with the mineral constituents of the earth. The pro- 
cess is not so rapid as when all these matters are taken 
at once to the field, but the cycle is nevertheless as 
complete, for, sooner or later, they all go to administer 
to the wants of the vegetable kingdom, and poor igno- 
rant man alone sufiers for the delay, for, in the incipient 
stages of self-purification, the matters evolved have 
proved highly injurious to health and life, either by 
causing or aggravating the type of a certain class of 

What ditMae is discascs. The causc of disease is external to the human 

body ; it is not the natural effect of existence, but 
it is the penalty of neglect, abuse, and also of want. 
Every disease has its own type, its own specific germ of 

Genns of generation. Every germ of disease requires conditions 

suitable for its development. When the human body 
first contracts disease, every effort is made to throw it 
off by those channels provided for the secretions and 
waste products; and when diseases of a certain type 
become epidemic, the cause may be looked for in the 
rapid development of the germs of disease under favour- 
able conditions. It is difficult to conceive how small an 
amount of matter the germ may be in zymotic diseases, 

Rapi(«ty with and how rapidly it may develop. We know with what 

dev^eiop. rapidity a single microscopic cell of yeast will develop 

countless multitudes of cells, with the power of bring- 
ing favourable matter into a rapid state of fermentation. 
So it may be that a single infected person will, under 
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favourable oonditions, become the prolific centre of in- 
fectioiL So easily are the seeds of disease spread, that 
it becomes only a matter of common prudence to strive 
to maintain the body in health, by removing those 
causes which tend to lower vital energy, and to dispose 
of, in an expeditious and safe way, all those matters 
given off by the human body, whether in health or 
disease, for we know that ''every imprudence carries 
its own pimishment." If the air of heaven is vitiated, Eflfectaofimpui 
the water rendered impure, or our food improper or 
insufficient, the body is robbed of life-giving elements, 
and soon succumbs to disease and death. It is the 
true aim and object of the Sanitary Engineer to assist Object of Sani 
Nature in her great but simple operations, to facilitate ***^ Engineer, 
the purification of the air, to remove dangerous im- 
purities from water, to supply abundance of these 
life-giving elements, to remove, as speedily as possible, 
before decomposition commences, all those matters • 
eliminated from the animal system, together with all 
other decomposing refuse. 

Wherever masses of human beings congregate, whe- Artificial 
ther in towns or villages, or in armies in the field, town*!***" 
camp, or barrack, au artificial existence, to a certain 
extent, springs up. Each individual is no longer 
dependent upon himself; the habits of those around 
him inflaence his own position. The preservation of Preservation of 
the health of every class in a community is equally anceVftoST' 
important to the rich and poor. It is important to the classes. 
wealthy that the poor should be kept in health, for 
the influence of infection, once introduced into the 
dwellings of the poor, often spreads far and wide, and 
is no respecter of persons. It is important to the poor 
man, as his health is his wealth. 

Sanitary laws and regulations are intended to give 
power to communities which sinde individuals cannot 'n^f «*»<>» «>f 

* , ° sanitary laws. 

possess, vte. the power to promote general measures cal- 
culated to secure or improve the state of public health. 
In this country it so happens that the sanitary laws, to ?JJ^J2y|,*^* 
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a certain extent, are permissive, so that we see some 
districts in which the law is rigidly enforced, while, on 
the other hand, community after community is still 
found living in the most unsanitary condition, and 
disease and death reign suprema No effort is made to 
remedy the state of neglect which may still be found 
in many undrained or ill-drained places. The Local 
Authorities are not always imbued with the true spirit 
of humanity ; money considerations are with them often 
of greater importance than the question of life and 
health, and it not unfrequently happens that political 
capital is made out of sanitary agitation. The advo- 
cates of filth and dirt appeal to the breeches-pocket — 
too often with success — thus literally fulfilling those 
lines written by the poet Bums — 

** Man's inhtimaiiity to man 
Biakes coantless thousands monm." 

The authorities in many towns appear to overlook the 
hard fact, that while they remain inactive, disease and 
death do not. 
Power of The Local Government Board has now the power to 

mentBoMtito* Compel communities that have neglected their sanitary 
compel prosecu- duties, to introduce proper measures, or the works may 
works. be performed for them ; but, alas I at present, in how 

few places requiring attention has this power been 
exercised. 
Historical If WO refer to the page of history, we shall find that^ 

"^*** in all ages of the world, wherever civilization advanced 

to any degree of refinement, there sanitary measures 
Works carried wcro invariably adopted. Thus, works of water-supply, 
dtiei? *°°*^'*' sewerage, and temples of health, were constructed in 

all the ancient cities of the world. Many of these 
works have outlived the destruction which has doomed 
more imposing but less useful structures. Alexandria, 
Carthage, Herculaneum, Jerusalem, Nineveh, Bome, 
and many other cities, had a complete system of sewers 
and waterworks. In Bome, after the lapse of twenty* 



KECESSITT OF SANITARY MEASURES. 7 

five centuries, the Cloaca, constructed when she was in Cloaca of Rome 
the meridian of her power, is stiU retained, and per- 
forms a similar duty for modern Home as that intended 
to serve the ancient city. Many works executed at 
this period of the world's history were of so stupendous 
a character as to rival the largest works of the present 
day, and they bear the strongest evidence of the clear 
knowledge of the sanitary appliances required for every 
large and populous city. Under the Mosaic dispensa- Mosaic 
tion sanitary laws were religiously observed ; hence the *^^ 
discoveries made in ancient Jerusalem in modem time 
are full of interest. In the works here executed we 
see that the Jews possessed a clear knowledge of the 
necessity of removing all decomposing matter, as ex- 
peditiously as possible, to a place outside their city, 
and that when so removed, they knew how to dispose 
of it. 

From Dr. Whitty's excellent work, * On the Water ^^^^J^ah^*^^ 
Supply and Sewerage of Jerusalem,' we learn that 
'^Eusebius, who was a native of Palestine, and died 
there about the year 340," thus quotes Timocrates, Timocratcs. 
the Surveyor of Syria, who stated of Jerusalem, " The 
whole city flowed with water, so that even the gardens 
were irrigated by those overflowing waters out of the 
city." 

Dr. Whitty, further quoting from a paper by the Dr. whitty on 
Rev. George Williams, B.D., Senior Fellow of King's worSlf^ 
College, Cambridge, upon recent discoveries of Dr. Jeniaaicm. 
Pierotti, says, " The situation of the Temple appears to 
be fixed, beyond all possibility of doubt, by the recent 
discovery, by Signor Pierotti, of the complete water 
system connected with the Hebrew Temple, still exist- 
ing as entire as when it was in daily use during the 
period of the Jewish Commonwealth. The perfect 
preservation of this complicated system of aqueducts, 
drains, and reservoirs, is owiug to the fact that they 
are excavated in the solid rock, and therefore have not 
been affected by the demolition of the structures above. 
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except in so far as they may have become partially 
blocked up by the accidental falling in of the debrU of 
the mined buildings." 

''Had history been silent on the subject, yet we 
should have been forced to couclude that there was 
a very complete system of sewerage connected with 
the Temple, introducing a large quantity of water to 
dilute the blood, which would otherwise have a ten- 
dency to coagulate, and carrying off the blood and 
offal from the sacred precincts." This history tells us 
was actually the case, and the supply of water was so 
managed as to flush the whole court, and carry off the 
blood of the numerous sacrifices* The drains leading 
from the Temple, and probably from the city, dis- 
charged themselves into a pit, which is now called the 
** Fountain of the Virgin," and which communicates by 
means of a channel in the rock, with another pit now 
traditionally called the ** Pool of Siloam," but which 
there is every evidence to show is not the true " Pool of 
Siloam." 

'^ It is a necessary consequence of the Fountain of 
the Virgin having been originally a cesspool, if that be 
admitted a fact incapable of being controverted, that 
the Pool of Siloam (now so called) was likewise a cess- 
pool, formed for the purpose of receiving the liquor 
from the upper cesspool, in order that the manure in 
it might become sufficiently desiccated to be in a fit 
state for removal by the gardeners who purchased it^ 
and that the tunnelled conduit was that through which 
the moisture was drained off into the lower cesspool, or 
liquid-manure tank." We find from the Mishna: — 
''There was a certain cave beneath the altar whereby 
filth and uncleanness were carried down into the Valley 
of Eedron, and the gardeners paid so much money as 
would purchase a trespass offering for the privilege of 
fertilizing their gardens with it." The liquid matter, 
after leaving the traditionary Pool of Siloam, was then 
used, as it is at the present day, for the purpose of irri- 
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gating the king's gardens. From this description of 
the outfall works of the sewerage of ancient Jerusalem 
we learn that the sewage was collected in tanks, the 
solid matter was removed from it and sold, and the 
liquid was afterwards used for the purpose of imgation, 
just as is the most approved practice of the present day. 
Although these ancient examples of sanitary works 
were executed when art and science had reached a high 
d^rree of excellence, we come to a period in history f^^ »" , 

,-- -, IT -11. 11 1 histoiy when 

when both art and science decuned, and with them the sanitary tdenoa 
prosecution of those sanitary works which were of so ***'*^°*'* 
beneficial and useful a character; in fact, the benefits 
derivable from sanitary science seem to have been for- 
gotten and ignored, and the people sunk to the lowest 
depths of sanitary neglect, from which the powerful Voice of diseaa* 
voices of plague, typhus, and cholera were the first to ^pi^ 
arouse them. Little more than a quarter of a century Good rcanita 
has elapsed since eflbrts were made in this country to ^ori»I**^ 
improve the sanitary condition of the great masses of 
the people. But short as the period has been, much 
good has been done, many lives have been saved, and 
much sickness and misery averted. The modem works Works of 
of sewerage and water-supply have been experiments water^uppiy 
made for improving the state of public health, and that l^^y^" ubbc 
they have accomplished the end for which they were health. 
inaugurated will be seen from Table No. 1, which 
contains the results in twelve towns that have been 
selected from the records collected by the medical R«»rdsof 
officers of the Privy Council, and published in the ninth ^rivj Council. 
Report of the department. 

In examining the Table it will be seen that in some Effect of sani- 
cases the actual saving in health has not been great, oompanti'eiy 
For example, at Rugby. This may be accounted for ^^^ ^**" 
from the fact that it is far more difficult to reduce the 
death-rate in a healthy district and make it more healthy, 
than it is to reduce an unhealthy district and make it 
comparatively healthy. It will be seen that, in the case ^^i^ 
of Bugby, before the prosecution of the works the rate "^ 
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of mortality was comparatively low. Since the comple- 
tion of these works even that low rate of mortality has 
improved, while those particular diseases which are at- 
tributable to sanitary neglect have considerably declined. 



Tablb No. 1.— Showing the Rbsui.™ of Sanitabt Wobks. 
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EAetefBDi- It Will be Seen by a glance at the above Table that 
ut7 wotfciin ijjg ganitary works which have been carried out in the 

■Uying tiui j^ ' 

TRgncfdiHue. places named have had a marked effect in staying the 
ravages of disease and death, and they have also had 
the eiTect of proloDging the averse duration of life. 
Good that tm The good that has arisen from the prosecution of sani- 
HDitarr tary works, wherever properly carried out, may be taken 

opentioiM. ^ jjjg Jxarbinger of more hopeful times, when the bene- 
fits of sanitary measures will be better understood, and 
more extensively adopted. How much society annually 
loses by preventible disease, it is impossible to fully 
estimate, as healtli is so intimately connected with all 
the branches of every-day life. We know that the 
Phjiied ibilitj power of physicttl ability forms the basis of the value of 
*"* all descriptions of labour, and that the full value of work 
cannot be got from a sickly and consequently feeble 
popnlatiim ; therefore, those communities that are i 
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prosperity of the country is impeded by the undue 
amount of sickness we have to support^ and the losses 
of human life we have to sustain. If upon no other 
than economical grounds, it is true economy to spend 
some little of our earnings in the prosecution of sanitary 
works. Health is the capital of the labouring man. It ^^J^ "• 
is better to give health than alms, for an unsanitary 
state brings sickness, disease, and mortality, which are 
followed by pauperism, demoralization, and crima Dr. 
Johnson says, " To preserve health is a moral and ^J^^^**° ^ 
religious duty. For health is the basis of all social 
virtues. We can be useful no longer than we are 
welL" In how many cases has preventible illness de- Effect of uinc 
stroyed the prospects in life of its victims ; how often 
has the invalid become a burden to his fellow-creatures; 
how often has a father of a family been stricken by 
typhus, and left his family chargeable to the rates. In Charg« on 
how many caaea has the loss of a paternal guide left 
fjEunilies to. grow up in a course of vice and crime, and 
become a permanent expense to their country. These 
are all matters that are really past calculation, but 
nevertheless we acknowledge the facts. ^It too often 
happens that a man dies and his place is taken by 
another without cost to his employer, and less con- Small con- 
sideration is shown to him than would have been given to man. 
to a horse or a dog, which could not be replaced without 
pecuniary outlay." 

It has been found in unsanitary districts that sickness sickness bear 
bears a regular proportion to the rate of mortality, and mor^ty?" 
sanitary works can be measured by the £. 8. d. saved. 
Dr. Lyon Playfair calculates that for every unneces- ^' ^^^ 
sary death we have twenty-eight cases of sickness. Dr. caicuUUons. 
Farr has computed the money value of the agricultural ^' ^^* 
labourer at twenty-five years of age at 246Z. 78., as being 
the estimate of his future wages, after deducting the 
necessary cost of maintenance. An estimate of the Estimated ya 
probable effect of the sanitary works can be propounded 
in this way : Fintf the saving in the cost of funerals. 
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Number of 
cases of sickness 
preTented. 



Yslue of 
labour. 



Quotations from 
Inaugural 
Address, Society 
of Engineers. 



Expenditure in 
Croydon. 



Mortality in 
Croydon. 



inclusive of mourning and fees, wliich upon an average 
may be set down at 51. each. Secondly^ the saving by 
reason of the escape from sickness, with its cost, includ- 
ing the value of labour which is lost. To be upon the 
safe side, it may be taken, for every life saved by sani- 
tary works, twenty-five persons would escape sickness, 
and that 11 per ease would represent but a modemte 
value of the result, including loss of time, physic, medical 
and other attendance. Thirdly , the value of the labour 
saved to the coimtry by the prevention of premature 
death — ^for every adult female, 5s. per week, and for 
every adult male, 10». per week, or a mean of Is. 6d. 
per week, may be taken as the value of the labour, over 
and above the cost of maintenance. If a town which 
has carried out sanitary works compares its savings 
under the above heads, with its expenditure, it will be 
found, in the course of a few years, that, in all cases in 
which the sanitary works have been properly carried 
out, the money value of the lives saved, and the sick- 
ness averted, will exceed the full estimated cost of 
the works executed. The author, in his *' Inaugural 
Address " as President of the Society of Engineers in 
1868, made such a calculation, taking the town of 
Croydon as an example, which is here reproduced. 

EXFENDITUBE IN CbOYDON TO END 1867. 

£ ». d. 

Purchase of freehold lands 50,000 

GonBtniction of waterworks 70,000 

Construction of eewcrs, sewage irrigaiion works, 
public baths, abatU^rs, and general improve- 
ments 75,000 

£195.000 

The average mortality of the town of Croydon for 
seven years, previous to the construction of sanitary 
works, was 23*66 per thousand, and for thirteen years 
since they have been in operation it has been 18 '64 
per thousand, showing a saving of 5*02 per thousand 
per annum. The mortality in the year 1848 was 28*16 
per thousand, and in the year 1867, 16*6 per thousand ; 
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in 1848 the population was 19,380, in 1867 it was Dedinein 
50^50, showing that the population increased 160 per increase in 
cent, and the death-rate reduced 40 per cent between popui»tM«- 
the extreme periods. The mean population for thirteea 
years since the works haye been completed, and in 
successful operation, commencing with the year 1855, 
has been 37,875. By taking the mean saving of life 
of 5*02 per thousand, and multiplying it by the mean 
population in thousands, and again by the number of 
years, we get, 37,375 x 5 02 x 13 = 2439 lives saved. 
Of this number six-tenths, or 1463, would be adults, or 
persons above the age of twenty, but probably one- 
tenth of these would be infirm from age; by making 
tliis deduction we have still 1317 persons in the full 
vigour of life who have been saved. By using the 
figures before quoted, in connection with the lives 
saved, we shall get the money value of the benefits 
conferred by the works : — 

£ «. d. 

2439 funeiaU, &o^ saved, at 5/. each .. .. 12,195 Money savings 

2439 X 25 = e0,975 oases of flioknesB prevented, «»» Croydon. 

atU 60,975 

1317 value of labotir at 19/L 10«. for 6} yean . . 166,929 15 

£240,099 15 

In this case, while 195,000Z. had been expended in Saving greater 
all the public works, they had effected a saving equal diture*'*"" 
to 240,000/., so that in the short space of thirteen 
years a sum exceeding by 25 per cent the total expen- 
diture for works executed and the purchase of freehold 
property, has resulted from the prosecution of sanitary 
measures. Although it has here been attempted to put 
a money value on life, we individually feel that life is 
priceless, and that we may look to the 2439 persons Life priceless. 
saved from the jaws of death in this single town, as 
the living testimony of the great value of sanitary 
works. To allow to perish by sanitary neglect is just 
the same as to take so many persons out of their homes, 
and forcibly put them to death; and yet if this were 
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done the whole nation would revolt at the crime. Yet 
in how many instances do our local authorities calmly 
look on, while poor and innocent victims are con- 
demned to breathe a poisoned atmosphere, or drink 
poisoned water, which is a great crime in the eyes of 
humanity. 

The medical men of this country have, as a rule, 
acted like true philanthropists in generally taking the 
lead in all questions relating to the prevention of dis- 
ease. To no body of scientific persons are the effects of 
an unsanitary condition made more painfully manifest. 
Disease in unsanitary districts sits like a vampire on its 
victim, which is never satiated till the last drop of life- 
blood is exhausted. Medical men know full well that 
it is almost futile to apply their healing art in unsani- 
tary places. The removal of the patient, even in the 
most rapid disorders of a zymotic type, to a healthy 
hospittd, in a more salubrious neighbourhood, renders 
the effects of disease less fatal. The reason is obvious ; 
if the patient remain in the region where he has con- 
tracted disease, and in which he is continually exposed 
to malarious influence, the case is in all respects like 
that of a man who is being murdered by slow and 
secret poisoning ; the doctor may be called in, and he 
may prescribe for his symptoms, but the dose of subtle 
poison is still secretly administered, and as the cause 
of the diseased symptoms is not removed, the natural 
effects can rarely be prevented. 

The scientific press of our country has done much to 
spread the knowledge of sanitary principles by expos- 
ing our faults and failings — by chronicling successful 
examples — by showing up in its true light the sanitary 
condition of various localities; in warning as of the 
danger that surrounds us; in advising us as to the 
steps we should take, — generally, in the elucidation of 
truth and eradication of error, and, finally, in the 
encouragement invariably given to the advancement 
and prosecution of sanitary science. 
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The alchymist of old vainly expended his time in Aichymirtof 
the search after the philosopher's stone, which was to spent time in 
convert all the baser metals into gold, or whereby he was *^[^^^'^*^ 
to compound an elixir of life, that would restore to age stone, 
the healthful elasticity of youth, and prolong human 
existence. In the prosecution of sanitary works we have ^""j**"^^ 
discovered a real philosopher's stone, for such works ^iioeopher't 
have been abundantly shown to have added to the ******* 
average duration of life, and in the utilization of those 
waste products which have hitherto been looked upon 
as dirt, rich and golden harvests have been, and still 
will be, produced. 



VABIOUS PLANS PBOPOSED IN CAKBYING 
OUT SANITARY WOEKS. 

■01 

The success of the prosecution of sanitary works is Suoc«b of 
more dependent upon the character of the works exe- on what^r * 
cuted than upon any salubrity or insalubrity of climate. ^^v«°^ 
This is seen from an examination of the rates of mor- 
tality in some continental towns. For example, we 
find that both Brussels and Paris, which have climates 
far more salubrious than that of London, have never- 
theless a higher rate of mortality than London, proving 
conclusively, that the sanitary works of London are of a 
more effectual, and therefore more perfect character, 
and that they better fulfil their mission than those 
adopted either in Brussels or Paris. 

Various modes have been proposed from time to Varions modes 
time for effecting, or perfecting, the appliance within the^ol^of 
our towns for the removal of all decomposing matter, decompoiing 
and various agents have been suggested for use in con- 
nection with the removal of those accumulations of 
filth and dirt which have been found to be so prejudi- 
cial to health and life. All the elements known to the 
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ancients have been laid under tribute for this purpose ; 
fire, air, earth, and water have all been proposed and 
adopted, in their turn, as sanitary agents to be used in 
connection with the removal of such matter, and for 
securing the great objects sought by the sanitary engi- 
neer. The advocates of fire recommend that all the 
waste products of our towns and populous places should 
be committed to the flames. 

A second set of advocates would have us believe 
that air is the best agent for removing those matters, 
and that the pneumatic is the proper system to be 
adopted. 

A third set of advocates recommend mother-earth as 
by &r the best agent that can be used in connection 
with the removal of all faBcal and decomposing matter 
from the habitations of the people ; while a fourth set 
of advocates maintain that the water-carriage system is 
the best, and the only feasible plan that can be adopted 
under the varied requirements of a town population. 

Upon careful consideration it must be seen that none 
of those agents which have been proposed fulfil all our 
requirements, when we have to deal with the question 
of removing, not only the fsecal matter, but other 
refuse from the houses and manufactories of our towns. 
For example, fire, air, and earth are of little use for 
removing and disposing of liquid filth ; whereas water 
and air are incapable of being applied so as to deal 
with a very large mass of the accumulating matter of 
our towns, namely, the sweepings from streets, ashes, 
and solid garbage from houses, all of which are now 
required to be removed by manual and horse labour. 
Air and water have been proposed as the medium by 
which decomposing matter shall be conveyed through a 
properly-constructed system of pipes, or tubes, out of 
our towns, and then used for agricultural purposes. 
Fire has been recommended simply as a means whereby 
decomposing matter may be destroyed, or rather con- 
verted, by rapid oxidization into harmless elements. 
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Earth and other materials of this character have from PorpoM ^ 
time to time been recommended and used, more with a cued. 
Tiew to deodorize and fix the elements of decomposition, 
so as to render the matter to be dealt with less baneful 
in its effects on health when accumulating in towns, and 
also as a means of preserving its manurial value. 

Of all the systems that have been proposed, the Water-euruise 
water-carriage system is, in the opinion of the author, ^ 
the best adapted to the varied requirements of a town 
population for effecting the speedy removal of the prin- 
cipal matter liable to decomposition. It will also be 
found equal to any other system in securing the manu- 
rial elements that have to be utilized; but it should not 
be overlooked that other systems are applicable, and Syitems appU- 
may be adopted with manifold advantage when the tain oondiUoos. 
circumstances are such as to debar the entire use of 
water-carriage. 



WOBKS OF SEWEBAGE. 



In carrying into effect the works necessary for the 
sewerage of a town, three distinct operations have to be 
performed : — 

1st. The drainage of the surface. objects to be 

2nd. The drainage of the subsoU. ofsewermge. 

3rd. The removal of faecal and other liquid refuse. 

The sewers of ancient cities were intended to combine Work pcr- 
two of these objects, or the removal of all surface-water andentsewen. 
and fsBcal refuse. The early sewer works of this coun- 
try were designed for conveying away surface drainage 
only, which, as a rule, was passed by short lines of 
sewers to the nearest natural outlet. It was illegal, prior illegal to dmn 

a x^ Into •ewers. 

to the year 1815, to pass meal matter into sewers. »ucn 
matter was generally allowed to accumulate in cess- 
poolsy either under tiie habitations of the people, or in 
doee proximity thereto ; but the growing evils of this 
(C^ 
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system were so great that, about the year mentioned, 

the laws which guarded sewers were by the tacit consent 

of the various authorities allowed to lapse. But it was 

not until the year 1847 that the first Act of Parliament 

Compoisoiy was passcd, which made it compulsory to pass faecal and 

^to aTwere. " othcr matters of this character into sewers. Much dif- 

Difi^renoes asto ferenco of Opinion has been expressed as to the mode in 

formed^by ^" which the objccts sought to be fulfilled by sewers ought 

«^««- to be carried out in practice. It may be taken as an 

No general ascertained fact that no abstract rule universally appli- 

laid downfor Cable cau be laid down for the guidance of the engineer 

guidanoe of jjj ^j^^ prosccutlon of works of sewerage, although there 

are some general principles which are common, and 

applicable to every town. Naturally there are conditions 

and circumstances which arise during the prosecution of 

sanitary works, and which differ in different places, 

which must guide the engineer as to the plan of sewer^ 

age he should adopt. In all sanitary works it should be 

laid down as a first requirement that the works shall be 

Sanitary worki capable of fulfilling their sanitary mission. All questions 

fuifiiUng their relating to the pecuniary results that may arise from 

mianoD. ^^ profitable disposal of the matters to be dealt with, 

must be taken to be of secondary importance, although 
this question must not be entirely lost sight of. 
Matters for The preliminary inquiry in a district will naturally 

coDsideratioQ in , * .^ * ^ j 

detigning workj embrace — 

of sewerage. \^^ r^\^^ ^^^ ^f j^^ district to be sewcrcd. 

2nd. The rainfall of the district, and the propor- 
tion it is intended to admit into the sewers. 

3rd. The geological character and physical outline of 
the district. 

4th. The present and prospective number of its inha- 
bitants. 

5th. The supply of water in the district. 

6tL The sanitary appliances at present in operation, 
or to be adopted. 

7tL The position of the outfall, and the mode of dis- 
posing of the sewage. 
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AKEA AND PLANS OP THE DISTEICT TO BE 

SEWEBED. 



In order to arrive at correct conclnsions as to what is ^^^^ ®^^^ 
neceseary to be done in the way of sewerage within a dis- 
trict^ a carefol survey with levels should be made. Such 
survey should include not only the area of the district 
which may be under the jurisdiction of the local autho- 
rity by whom the engineer may be engaged, but the 
area which is fixed by the natural configuration of the 
country around. It often happens that there are per- Survey in some 
tions of other districts which naturally drain into the brace adjoining 
district to be dealt with ; therefore it may be advisable ^^^^^ 
to take into consideration the volume of sewage or rain- 
fall which may be contributed from such areas. Where 
several districts governed by difierent local authorities 
lie in dose proximity, and within the same natural 
drainage area, it will be well for the engineer to take 
cognizance of the fact, and to make such recommenda- 
tk>D, when it is advisable, as may lead the several autho- 
rities to combine either for the purpose of sewerage 
or for the purpose of disposing of the sewage of their 
respective districts. In many cases where a large amount Mode of dealing 
of rain falls upon the higher lands above the district to high districts. 
be dealt with, the natural outlet for which is through 
the district^ it will be well to conduct such rainfall by 
its natural channels, or, in some cases, it may be requi- 
site to construct special artificial channels for its passage, 
so as not to undidy burden the sewers with a large and 
intermittent volume of water. It is indispensable that 
the drainage area above the district to be dealt with 
should be taken into account in every case when arti- 
ficial channels are required to be provided for the con- 
veyance of upland waters through the district to be 

dealt with. 

o2 
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^°*g« **«- It not unfrequently occurs that the engineer is called 

fined. upon to define a district for the purposes of adopting 

the Local Gk^yemment or other Drainage Acts ; and in 
doing this he should take into consideration the natural 
drainage area> and to make the district selected '* com- 

Surreys. pact and practicable." As to surveys, in districts in 

which it is proposed to carry out works of sewerage. 

Ordnance mape. the engineer will find that the Ordnance Department 
have published accurate geometrical plans and surveys 
of many places which will often be found of great ser- 
vice to him when designing works of sewerage. In 
districts in which no accurate plans exist, special sur- 
veys will have to be undertaken, and it is desirable, 
when such surveys are made, that they should be con- 
ducted on trigonometric€d principles, in order they may 
be as accurate as possible. In the suggestions which 
were issued by Mr. Bobert Bawlinson, C.B., from the 
Local Government Act OflSce, the following instruc- 

General plan, tious are givcu as to the preparation of plans and 

sections of any proposed works of sewerage: — "A 
general plan, exhibiting the area which will be afiected 
by the proposed works, should be laid down to a scale 

What ihouid be of uot Icss than two feet to a mile. It should have 
own on plan, gg^j^ upou it the Icvcls of the Centres of all streets 
and roads at their intersections and angles, and at every 
change of inclination. Where a district is near the sea 
it should show the high and low tide level of the sea, 
and where there is a river the summer and flood water 
levels should be recorded. Permanent bench marks, 
having reference to the surface levels, should be cut on 
public buildings, &c., throughout the district, and also 
be marked on the plan. Sections should fiKUM)mpany 
this plan, upon which the levels of the cellars should be 
shown. Such a plan might be used for showing lines of 
main sewers and drains, lines of water-pipes and gas- 
mains. The lines of main sewers and drains should have 
the cross-sectional dimensions and gradients distinctly 
marked upon them. The dimensions of water and gas 
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pipes should also be shown in figures or by writing." 
^ A detailed plan for the purposes of house drainage, Detail plan. 
paTingy the sale and purchase of property, &c., should 
be constructed to a scale of not less than ten feet to a 
mile. Upon this plan should be exhibited all houses 
and other buildings, bench marks,^ the levels of streets 
and roads, of cellars, of the sea at high and low tide 
level, and the summer and flood level of rivers. Three 
feet by two feet will be a convenient size for the sheets 
of this plan, and by representing the marginal lines of 
the sheets upon the general plan, the general plan will l^^^ to gentral 
become a very useful index." In districts in which it ^ 
18 deemed desirable to carry out works of sewerage as 
speedily as possible, the Local Grovemment Department 
do not place any unnecessary obstacle in the way of 
carrying out such works; and in any case where no 
plans exist they will, as a preliminary step, be satisfied, 
on certain conditions, with less carefully prepared plans, 
as before suggested, for they state: — "As, however, it Plana that may 
may occasionally be desired to carry out works piece- ^a^t <^um- 
meal, with a view to save the time which would be •*«»<»• 
occupied in the preparation of a complete plan from 
actual survey, it wiU be sofScient. in the firet instance, 
to furnish a general plan of streets and roads only, with 
the surface levels, and those of the deepest cellars, and 
the proposed scheme of works shown thereon, after 
which the works can proceed in sections ; but with each 
separate application for sanction to a loan a correct 
plan and section or sections should be submitted, accom- 
panied by detailed estimates and specifications. It should 
be understood, however, that the complete plan of the 
entire district must be proceeded with, so that when the 
works are finished the Local Board and this office may . 
possess a proper record." 

When carrying out sewerage or sewage utilization CoDapalsorf 
works, when it is necessary to put in force the compul- J^J^JJJrb.**"^ 
sory powers, authority is conferred either by provisional 
order issued by the Local Government Board, which 
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requires to be confirmed by Parliament, or by the direct 
sanction of Parliament. In either case it is now neces- 
sary to deposit plans, and the Standing Orders of Par- 
liament require that such plans should be drawn to a 
scale of not less than four inches to the mila They 

Piriiwnentary are to show the line or situation of the whole work, 

^*°'' or any lateral deviation which may be proposed, and 

if, upon the line of the proposed work, or within the 
limits of deviation, unless the plan shall be drawn to 

Scale of plans, a scalo of not Icss than a quarter of an inch to every 

100 feet, then an enlarged plan of any '* building, yard, 
court-yard, or land within the curtilage of any building, 
or of any ground cultivated as a garden,'* is to be 
added, and it is to be drawn to a scale of not less than 
a quarter of an inch to every 100 feet. Sections of the 
work require to be prepared, which shall be of the 
same horizontal scale as the plan, and have a vertii»d 
scale of not less than one inch to every 100 feet ; and 
i^ould it be intended to make any alteration ^' in the 
water level of any canal, or in the level or rate o( 
inclination of any turnpike road, public carriage road, 
or railway," crossHsections must be provided having 
a horizontal scale of not less than one inch to every 
330 feet, and a vertical scale of not less than one inch 

Naoejsityof to every 40 feet. In addition to the plans required 
^"*^ for Parliamentary purposes, or for deposit at the Local 
Government Act Office, the engineer should in every 
case prepare detail drawings of the works he is about 
to execute, for the guidance of those who may have to 
carry them out. Such details should be drawn to as 
large a scale as compatible. 
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RAINFALL AND SEWERS. 



The amonnt of rain that Mis m a district is com- 
pated from the amomit collected in the rain-gauge. 
There are few towns or districts at the present day in UMofnun- 
which some person or other does not keep a rain-gauge, ^°^' 
and register the rainfall Numerous observations of 
the amount of rain falling in various districts are 
annually compiled and published by Mr. Symons, and Mr. Symons' 
such tables are of great importance and mestimable 
value to the engineer in designing works of sewerage. 
Having ascertained the amount of rain falling in the 
district to be dealt with, which, for the purpose of being 
practically useful, should show the maximum quantity Maximam 
of rain that falls in the shortest time, as all sewerage ^^ u asav 
works must be calculated to convey away, either by the **^°®^- 
sewers or by storm-water overflows, or special works 
constructed for the purpose, the maximum amount of 
zain without flooding or inconvenience to the inhabit- 
ants of the district 

Much difierence of opinion has been expressed with Diferenoe of 
regard to the advisability or not of admitting rainfall 2!mit«ii"rain- 
into sewers. Some persons propose that in every district ^'^ "**® "••^*"' 
the rainfall should be entirely separated from the sewers ; 
but unfortunately the persons who make this proposition 
have had, as a rule, a very limited experience as to 
the effects of rainfisdl on sewers and sewage. Li pro- 
posing the separation of the rainfiEdl from the sewers, the 
fulfilment of two objects is sought: Ist, to increase the Objects sought 
manurial value of the sewage ; and, 2nd, to give to the ^^xch^oifof 
streams of the country the natural volume of water due nu^«u. 
to the rainfedl within their collecting area ; or, in the 
words of Mr. J..0. Ward, "to convey the rainfall to the 
rivers and the sewage to the land.'' Li some districts 
it may be important to keep the rainfall as far as 
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possible out of the sewers; but there are other dis- 
tricts in which no material advantage would arise from 
excluding rainfall from sewers ; but, on the other hand, 
positive injury may accrue to the fresh-water streams, 
by reason of the polluted matters brought down in time 
of storm. For example, in urban districts, which are 
closely inhabited, or in which there is a great traffic, 
experience clearly shows that the rain£EJl in such dis- 
tricts becomes as impure as the most impure sewage 
found in sewers. The analysis made by Professor Way 
of surface drainage water, flowing from the principal 
streets of London, shows beyond doubt that the water 
contributed to sewers, in time of rainfall, is quite as im- 
pure as that of any sewage. The Tables Nos. 2 and 3 
on the opposite page give the analysis of street water, 
and the analysis of the matters found in such water. 

From Tables No. 2 and No. 3 it will be seen that in dis- 
tricts in which there is great traffic, or which are closely 
built upon, if a system of sewers is to be carried out 
which shall intercept all impurities from the fresh-water 
courses of the country, it will be absolutely neces- 
sary to admit a large proportion of the rainfall into 
the sewers, in order that it may be dealt with so that it 
may be purified and rendered fit to be passed into the 
natural streams of the country. In districts where the 
rainfall is of small amount, it is generally loaded 
with impurities ; while with a heavy rainfall the water 
last contributed may flow off comparatively pure. 
Taking this fact into consideration, it is easy, in many 
districts, to design a system of sewerage combining the 
admission of small amounts of rainfall into the intercept- 
ing sewers of a town, while in time of heavy rainfall the 
comparatively pure water should not pass into the inters 
cepting sewers, but should flow on to its natural ouUet. 
The arrangement by which this may be accomplished is 
the reverse of the principle already put in practice by 
Mr. Bateman, G Ji., in the Manchester Waterworks, for 
separating pure and impure water, and is so very simple, 
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Table No. d.— Showing the Analysis of Stbket Water. 

By Pbofessob Way. 
The water wbb intercepted in its passage to the sewers. 
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Table No. 8. — Showing the Analysis of the Soluble Matteb in 
DnTEBENT Specimens of Stbeet Dbainaoe Wateb. 

By Pbofessob Way. 



Water of oomhination and 8ome| 
soltibte organic matter ../ 
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Oarbonioaoid 
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Lime 
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Glide of iron and alumina, with a| 
little phosj^te of lime .. / 

Oiloride of potassium 
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Potash 

Soda 
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2-81 
12-23 
38-23 
13-38 
23-51 

1-25 

10-99 
44-88 
18-27 



194-62 



Little Traffic. 



Granite, 
No. 13. 



22-72 

■ • 

None. 
46-48 
25-90 
Trace. 



None. 

18-44 
8-75 
1-58 

123-87 



Macadam, 
Net. 



13-73 

• • 
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and not liable to derangement, that it may easily be 
introduced in practice, when it will commend itsel£ It 
is constmcted in accordance with the well-known laws, 
that the combined effect of horizontal projection and of 
gravity on a stream of water issuing from an orifice, cause 
the liquid to assume the form of a parabolic curve ; 
therefore, when it is desired to project a stream a certain 
distance horizontally, it follows, as a natural sequence, 
that when the velocity of projection is small (owing to 
GraTity. the longoT interval of exposure to effect of gravity), com- 

paratively the space fallen through in reaching the desired 
point wiU be great; while, when velocity is great, the 
space fallen through will be small. Plate XY., Fig. 9, 
Arrangement shows the arrangement. In this case the sewer for con- 
niinSiT*^ veying rainfall is assumed to be 2 feet diameter, and has 
a rate of inclination of 1 in 550, and it is supposed to cross 
over the intercepting sewer on its course to a river. At 
the point the sewers cross an opening is made in both 
sewers, or in the bed of the rainfall sewer, and in the 
crown of the intercepting sewer. In this case the 
opening is supposed to be one foot wide, and at the 
point of opening a sudden fall is given to the rainfall 
sewer, making a step of 2 feet in the sewer. When 
3 inches in depth of rainfall flows through the rainfall 
sewer, the velocity of the current will be 1*6 foot per 
second, and in order to pass the opening 1 foot wide, 
the step forming a weir should be 6 * 29 feet; but as it is 
only 2 feet, all the water flowing down the sewer would 
pass into the intercepting sewer. When 6 inches in 
depth of water is running through the 2-feet rainfall 
sewer, the velocity of current will be 2*25 feet per 
second, and in order to pass the opening the step 
should be 3 * 25 feet, so that this quantity wiU also pass 
into the intercepting sewer. When the rainfall sewer 
runs half full, the velocity will be 3 feet per second, and 
in order to pass the opening the step or fall should be 
1 ' 70 foot ; but as in this case it is stated to be 2 feet, 
all the water brought down by the rainfall sewer will 
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pass oyer the opening, and would be discharged direct 
into the river, instead of passing into the intercepting 
sewer; and so by adjusting the width of the opening 
into the intercepting sewer, or the amount of fall at 
the weir, any given amount of rainfall may be made to 
pass into the sewers, or be discharged into the streams 
of the district, as may be required ; thus when the rain- 
fidl is very impure it will pass into the intercepting 
sewers; but when the rainfall is great and pure, the 
velocity is such that it will leap over the opening 
provided for the interception of the impure rainfall, 
and pass on to its natural outlet. 

There are some districts of a rural character in which RainfWi in rur 
the surfiace drainage is generally comparatively pure, 
and consequently it could therefore be conveyed to the 
ordinary water-courses of the district without detriment. 
On the question of tiie admittance of rainfall into 
sewers. Professor Way, speaking of the analysis of the 
surface water of London, states that, ^'so far as London 
is concerned, and considering only the composition of 
the liquid which reaches the sewers in the time of rain 
from the streets, it seems pretty certain that it would 
be as valuable in a manurial point of view as the ordi- 
nary contents of the sewers. There would seem no 
reason, therefore, to exclude such waters on the ground 
of the dilution and deterioration of the sewage, to 
which they might be supposed to lead." 

Li considering the question of the amount of rainfall ^^^ »«*» " » 
to be admitted into sewers, it should always be borne in 
mind that rain acts as a scavenger in washing the air 
and the surface of the streets, courts, yards, roofs, &c., 
and conveys away an immense amount of impurity. In Experience in 

M • x»» i-»i_ xi_ J • x^ J. 'J foreign coun- 

some foragn countries m which there are distinct penods tries. 
of wet and drought, it may always be desirable to con- 
vey away the excessive storm-water by a distinct set of 
sewers, whOe the sewage proper may be conveyed away 
by another set of sewers, the reason for which is obvious, 
as^ owing to the large amount of rainfall compared with 
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the comparatively limited quantity of sewage, the chan- 
nels for conveying away the combined rainfall and 
sewage would have to be constructed so much out of 
proportion to the ordinary work the sewers would have 
to perform in periods of drought| that a sufficient velo- 
city of current would not be maintained in the sewers to 
keep them clear, and consequently they would become 
sewers of deposit, and might prove highly injurious 
to health, as the deposit would naturally accumulate at 
those periods of the year when decomposition was most 
active. 

In some districts, owing to the natural position of 
tiieir outfall, artificial power may be required to lift 
the sewage to a considerable height, in order to dis- 
pose of it In this case it would be prudent for the 
engineer to consider how much rainfall he can exclude 
without poUuting the natural streams of the district. 
In studying the question of rainfall it would be well 
always to bear in mind that experience has shown that 
dilution of the sewage by rainfall does not materially 
diminish its total collective value, although it may add 
considerably to the expense of its application for agri- 
cultural purposes; and, consequently, in order to secure 
the best possible return, it may be desirable to exclude 
as much rainfall from the sewers as possible in every 
scheme in which pumping has to be resorted to, in 
order to reduce the expenses of sewage disposal to a 
minimum.* 

In many seaside places, or in districts in which the 
low-lying sewers are tide-locked, it will be well to con- 
vey away the rainfall, by sewers distinct from those 
which collect the ordinary sewage. To what extent 
this may be necessary, the engineer will consider after 
fully taking into account the principle of interception, 
which is hereafter referred to. 

In all cases in which rainfall is admitted into sewers 

* When sewage w intended to be treated chemically rainfall should 
be excluded as far as poBslUe firom the sewers. 
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it is found by experience that only a certain percentage 

of the actual rain finds its way to the sewers, the other 

portion being either evaporated or absorbed, and it 

generally occurs that when we have the largest rainfalls, 

as in thunderH3torms, evaporation and absorption are 

usually most active. In experiments made some years 

since by Mr. Dickenson, on the rainfall in the district of Mr. Dickeiwoi 

the Colne, he found, on an average of seven years, 

that from April to September, inclusive, 93 per cent. 

of rainfall was evaporated, and 7 per cent, absorbed, 

equal to 1192 tons of water per acre evaporated; 

while but 91 tons per acre were absorbed or filtered into 

the ground ; and from October to March, inclusive, 25^ 

per cent, of water was evaporated^ equal to 360 tons of 

water per acre, and 1052 tons per acre were absorbed. 

The intercepting sewers of London have been con- Amount of rai 
structed to convey rainfall at the rate of ^ inch in depth ^^Mwera"^ 
over the whole area drained every twenty-four hours, London* 
at the time the maximum flow of sewage is being dis- ' 
chained. Provision is made to deal with a larger 
amount of rainfall than this by means of storm-water 
overflows, communicating with outfalls into the Thames 
which have been retained or specially provided in 
the natural drainage valleys of the district. From 
the discussion which took place at the Institution of 
Civil Engineers, after papers had been read on the 
drainage of London and Paris, it appears that in 1857 
Messrs. Bidder and Hawksley found, in the case of Mews. Biddti 
London, that with a rainfall of 2 -90" in twentynsix "^^HawWey 
hours, Savoy Strleet sewer delivered 64*5 per cent, 
BatclifTe Highway sewer 52 per cent, while Mr. Hay- Mr. Haywood 
wood found in the same storm that London Bridge 
sewer discharged 53 per cent Mr. Haywood, in April, 
1858, had gaugings taken of the same sewer, '* when 
* 24 of an inch of rain fell in an hour and a half, 
he then found that 74 per cent of the total quantity 
ran off, leaving 26 per cent, to be absorbed or evaporated. 
Of a rain-storm of * 54 of an inch, in five hours, 
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in Jane, 1858, there was delivered into the Irongate 

sewer, which drained an area entirely paved and built 

over, as much as 94*5 per cent of the total rain£Edl; 

and of all the storm-gaugings he had made, that was 

the greatest percentage he ever knew discharged by 

a sewer. In August, 1858, with a rainfall of '48 

inch in one hour and two-thirds of an hour he found 

only 78 per cent, of the total quantity discharged 

^loormit^ into the Irongate sewer." The author has found that 

on character of H^^ amouut of Water Contributed in various districts 

district. depends very much upon the character of the surfiace 

which receives the rdnMl. In districts in which the 
geological character is porous, the rain contributed to 
'^'^aSSr*^ the sewers is very small For example, in the case of 
atCroydoD. Croydon, where the geological formation principally 
consists of gravel overling chalk, the amount of rain 
contributed by a storm of * 72 of an inch, in twelve hours, 
in October, 1865, did not yield more than one^^nth of it 
Experiokoe red to the sewcTS. In a district in Warwickshire, on the new 
wickabirv. red marl formation, the sur&ce of which is almost en- 
tirely impervious, provision was made by the author to 
lead off a rainfall of 1 inch in twenty-four hours, toge- 
ther with one-half the maximum quantity of sewage in 
six hours, taken at 5 cube feet per head in twenty-four 
hours, and the sewers were found to be by no means 
Calculations for too large. In the strongly fortified town of Dantzic, 

townofDuitzic. ., i • i i* x« i* i.* t. • • • n j 

the geological formation of which is principally sand, 
and the district very flat, the author made provision 
for carrying off a quarter of an inch of rainfall in 
twenty-four hours, together with 2 cube feet per head 

^®'"™*^J^ of sewage in eight hours.* The volume of water supply 

in this district is about 3 cube feet per head in twenty- 
four hours, and the sewage was calculated at 4 cube 
feet in twenty-four hours. The rainfall in this district 

Distribation of is about 20 inches annually, but is distributed on an 

rainfidl of '' 

Dantzic. 

* It is the practioe of some engineers to calculate the yolome of 

sewage to be dealt with as equal to one-half flowing off in six hoon^ 

or two-tbiids in eight hours. 
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ayerage of years over 270 days per annnm, and there are 

only fourteen days per annum when the rainfall equals 

or exceeds a quarter of an inch in twenty-four hours ; 

only six days per annum when it equals or exceeds 

half an inch in twenty-four hours ; and only about one 

day per annum when the rainfall reaches or exceeds 1 inch 

in twenty-four hours. In order to deal with any excess Rain-water 

of rainfall beyond the quarter of an inch in twenty-four *"* ****' 

hours, rain-water outlets have been provided so that when 

the sewers become overfilled they discharge their contents 

at various places into the natural outfalls. In cases in 

which it is intended to admit rainfall into sewers^ 

the proportionate amount to be contributed by storms Contnbntio; 

will differ in different districts, and the engineer will ****™"^***' 

have to use a considerable degree of discretion in 

the matter ; but correct results can only be arrived at 

after considerable experience and long observation. 

The following Table will be found convenient for use 

in making calculations as to the amount of rain falling 

upon the side of a drainage area : — 



sewen. 



Tablb No. 4. — Showing the Quantitt of Rainfall per Acre. Table No. 4 
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Depth 
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GabeFeet 
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Cube Feet 
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p«r Acre. 


por AciTB. 


per Acre. 


per Acre. 


•1 


368 


2^62 


-6 


2178 


13,573 


•15 


544*5 


8,393 


•65 


2359-5 


14,704 


•2 


726 


4,524 


•7 


2541 


15,836 


•25 


907-5 


5,656 


-75 


2722-5 


16,967 


•3 


1089 


6,787 


•8 


2904 


18,098 


-35 


1270-5 


7,918 


•85 


3085-5 


19,309 


•4 


1452 


9,049 


•9 


3267 


20,360 


•45 


1638-5 


10,180 


•95 


3448*5 


21,491 


•5 


1815 


11,311 


1-0 


3630 


22,622 


•55 


1996-5 


12,442 
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The influence of geological strata upon health has 
from time immemorial received a certain amount of 
consideration, but until a very recent period the actual 
result of such influences was based upon very uncertain 
and crude opinions. Of late very precise results of the 
effect of geological strata on health have been compiled 
by Dr. Buchanan, of the Medical Department of the 
Privy Council. The last column of Table No. 1, 
page 10, shows the reduction in the death-rate from 
phthisis in the case of twelve towns. This saying of life 
is ascribed to the effect of drainage works in drying the 
subsoil of those places. The effects of a dry subsoil in 
influencing health were pointed out by Dr. Bowditch, 
of Massachusetts, in a pamphlet in 1862, wherein he 
showed that a greater number of deaths took place from 
phthisis when the inhabitants of a district are located 
upon a retentive geological formation than takes place 
when they are disposed on a pervious formation. Dr. 
Buchanan, in his researches in reference to the influence 
of the works of sewerage of this country on the public 
health, and also as to the influence of the geological 
character of the soil on phthisical diseases, confirms 
these views ; moreover, he found that districts having 
rapidly inclined retentive geological formations have a 
less death-rate from phthisis than those in which the 
same formation is comparatively flat. He also shows 
that a pervious formation, saturated with fresh water, 
is favourable to the development of phthisical com- 
plaints, while a pervious formation, saturated with sea 
water, has, as in the case of some of our sea-coast 
towns, little or no effect in influencing phthisical dis- 
orders. This may be due to the circulation of the 
water in the soil, caused by the rise and fall of the tide, 
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which prevents stagnatioDy the great enemy of life. 
The influence of sewerage works in draining the sabsoil Benefits of «ub- 
of a town, and thereby beneficially influencing public itood^ °^ ^ 
healthy was understood by some engineers at an early «°fif>°e«™» 
period after the reyival of sanitary science ; for in the 
report upon the "City Sewers," by Messrs, Walker, ^^k^*^^ 
Brunei, and Cubitt, dated August, 1848, we find it Brunei,' 
stated that ** the first and perhaps not least important ^"^*"* 
purpose of sewers» as respects health, is as under- 
drainage of the surrounding earth. They answer this 
purpose effectually and quietly, and have done it so 
long that their importance in this respect is apt to be 
overlooked." In all works of sewerage, in order to Provision 
get their full benefit, it is requisite that provision forsub-dri^-* 
should be made for the drainage of the subsoil. The ^^ 
mere feet of carrying out a system of sewerage, and Effects of 
being obliged to cut through various strata of a more in r<^^ng^^ 
or less retentive character, is naturally a means of *^^^^ ^*®*' 
securing to a great extent subsoil drainage; but it 
is not well to depend entirely upon the intersection 
of various geological formations, as it has been shown, 
from the results compiled by Dr. Buchanan, that 
drainage works when first brought into operation, or 
during their construction, have had greater effect in 
drying the subsoil and in reducing the rate of death 
arising from phthisical disorders than has been secured 
in after years. This may be accounted for from the 
fact that the drainage of the subsoil was more perfect 
prior to the complete consolidation of the sewer 
trenches than it has been subsequently. In designing Provision 

, ff x1.pj.i- • 1. ij should be made 

a system of sewers, therefore, the engineer should for subsoil 
make provision — more especially in retentive geolo- ^"g*^^*"*" ^ 
gical formations — for the effectual drainage of the allow sewage to 
subsoil, the works for which purpose should be con- *'^^' 
structed and carried out so as to prevent any chance 
of sewer-water percolating into the surrounding ground. 
The mode in which this operation can be accomplished 
will be considered hereafter. The geological character 

D 
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of the district in which sewerage works are executed 
will also materially affect the quantity of water which 
may be collected from the surface of the district. In 
districts in which the impermeable strata covers the 
surfiGtce, the volume of water contributed ta tke m w vu 
will be large, and be discharge motB impidly than in 
districts in which the gBolggyttl formation is of the 
pervious descriplioBr On the other hand it not unfre- 
quendj kqppens in districts which are covered with a 
pflrrious geological formation, that a short distance 
below the surface subsoil water in large quantities is 
met withy supplying the sewers with a constant quan- 
tity of spring-water, and not unfrequently leading to 
difficulty in the construction of the works. The geo- 
logical character of the district must also be studied, 
with a view to the stability of the works which are to 
be executed. If it is found that the geological strata is 
not sufficiently stable to receive the sewers, provision 
will have to be made whereby a good foundation for 
the works to be executed may be secured. 

As a not unfrequent example of the results of 
sewerage works, carried out in a district of a per- 
meable geological formation, the small town of Bedhill, 
in Surrey, may be taken. The works of sewerage were 
designed by the author. The town is located on the 
lower greensand formation, and its population is under 
5000. In carrying on the work of excavation for the 
sewers, more or less, in all parts of the district^ subsoil 
water had to be contended with. In the lower por- 
tions of the district, especially, the saturation of the 
subsoil was so considerable, that great difficulty arose 
in the prosecution of the works, for, so unstable was the 
subsoil, that special artificial foundations for the sewers 
had to be adopted.* The completion of the works in 
a great measure removed the subsoil water; but even 
now, in the driest season, the springs yield not less 
than 25 cube feet of water per minute to the sewers. 

* Bee Fig. 44, page 172. 
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The physical outline of the district will also have a inflaenoe of 
material influence upon the volume of the water which on rarfiu^^ 
has to be conveyed by the sewers. In districts in which <^*«^»*'«e« 
the gradients are steep, the discharge of surfiace-water 
takes place more rapidly than in those districts in 
which the same geological strata is comparatively flat, 
and in a district with steep gradients a larger percen- 
tage of rainfall will be contributed to the sewers than 
is found to be the case in districts in which the gradients 
are flat. The consideration of the outline of a district inaaeiiot of 
is of great importance, when studying the question of jn TentiutioE 
the ventilation of sewers; the same provisions that are of Kwen. 
effectual for the ventilation of sewers in flat districts are 
totally inadmissible when the gradients are great, for 
wherever the gradients are steep, flie sewers will act as 
chimneys for drawing off the foul gas from the lower 
parts of a district^ and disperse it in the higher parts, 
so, when the gradients are steep, special provision should 
be made, in order to prevent sewer gases travelling 
from the lower to the higher portions of a district. 
The mode in which this may be effected is hereafter 
considered at page 243. 
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In this country, where great attention has been paid Present popv 
to tabulating the population of various districts, it is ^°* 
no difficult task for the engineer to calculate the pre- 
sent population of a district for which the works of 
sewerage are to be constructed. It may, however P«»p«tive 
become difficult to calculate the prospective population 
of the district, which is a point of importance, as in all 
works of sewerage the money expended on the works 
should be distributed over a term of years for repay- 
ment, and it is only just to those of the ratepayers who 
may hereafter occupy the district, that the works to- 
wards which they will have to contribute should be of 

D 2 
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equal service to them, as to those who called them 
into existence. The mode usually adopted in approxi- 
mating the future population, is to ascertain what has 
been the prospective rate of increase for a number 
of years back, and by making the same, or, in some 
cases, a greater allowance for increase in the future, so 
calculate what is likely to be the probable population 
in years to come. In some districts this mode of esti- 
mating the population has been shown to be liable to 
error, as there are districts, such as manufacturing, or 
suburban districts, located near large centres of popula- 
tion, which are liable to rapid rates of increase, and in 
some cases the population of particular manufacturing 
and mining districts has been found to decline. The 

How population present population of a district can always be pretty 
correctly ascertained by taking the number of inhabited 
houses, which may be got from the rate-books, and 
multiplying the number by the average number of 
inhabitants which were found at the previous census 

How popuUUon to occupy a house. Population affects works of sewer- 

afiects works of • « i«i**'ii i a^i. 

sewerage. ago, masmuch as each mdividual member of the com- 

munity uses a certain quantity of water for ablution, 
and general cleansing purposes, and each individual 
also contributes a certain amount of manurial matter, 
which forms the basis of the value of the sewage of 
a town, so that it is absolutely necessary that the 
number of the population contributing to the sewers 
should be ascertained, and taken into consideration 
by the engineer, when designing works of sewerage, or 
sewage disposal. 



WATER-SUPPLY OF A DISTBICT.* 

How water- The works appertaining to the wateiHSupply of a dis- 

wortaof^er- ^^ ^^ Specially treated hereafter. Water-supply 

"^ It is the intention of the author to treat the subject of Water- 
Supply in a separate volume. 
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affects a system of sewerage to be carried out in any 
town, by reason of the yolame of water that has to be 
conveyed away. The sources of supply to be taken 
into consideration are : — 

Ist. The volume of water distributed by specially 
constructed waterworks. 

2nd. The amount raised or taken from tanks and 
wells on private property. 

3rd. The quantity contributed by manufiEtctories. 

Taking an average of 120 towns in this country, the Average quat 
author found that the volume of water supplied for supply.^ 
public purposes averaged 25 gallons per head. In some 
cases the quantity was greatly in excess of this aver- 
age, for as much as 56 gallons per head was supplied, 
while in some towns it did not exceed 10 gallons 
per head. The quantity of water used in a district in Q"ap*fty ^«- 

* ^ »f pended upon. 

a great measure depends upon the facilities afforded to 
the public in procuring the supply, also upon the sani- 
tary appliances in operation within the district, and to 
some extent to the character of the population sup- 
plied with water. Districts in which water-closets are Water-ciowta 
universally used, or in which the use of private baths crease quan-' 
is general, have a somewhat higher rate of water con- ''*y- 
sumption than districts in which the only supply of 
water is from isolated stand pipes, and in which the 
ash-pit or some other dry system is in operation. 
The quantity of water supplied by pumps or other ap- 
pliances procured locally from wells or tanks is generally 
small, for where the labour of procuring supplies of 
water is great, the quantity used is small ; on tiie other 
hand, where facilities for procuring water are great, the 
consumption is found to be large. The quantity of Quantity u«e. 
water used by manu&cturers must be considered, as tnren. 
provisions will generally have to be made for receiving 
such water into the sewers. In some processes of manu- 
facture large quantities of water are used, which sub- 
sequently find their way to the sewers. For example, 
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Table No. B,— Showing the VoLom of Sbwaoe of Towks. 
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in ihe town of Warwick there is a single gelatine 
mannfactory which uses as mnch water in the process 
of mannfactnre as is used by the whole population of 
the town, upwards of lOyOOO, so that in this district 
provision had to be made for a much larger volume to 
pass into the sewers than would have been due under 
ordinary circumstances. Table No. 5 gives the volume 
of sewage in some towns, and will be of interest 
value as a guide for future works. 



SANITAEY APPLIAHOTSB OF DISTBIOT. 



When a ocaralete system of sewerage is intended to <^on>iJ«t« «y»- 
be caroMl out, and water-carriage is to be used for the *^<>"«*<"« 



of all the refuse and faecal matter usually 
transported by sewers, the engineer will have no great 
difficulty in arriving at the probable volume of sew- 
age he will have to deal with. In some places there ^fwwM of 
exist differences of opinion amongst the Sewer Autho- water-doMts. 
rities as to the benefits derivable from the universal 
application of the water-carriage system. It might be 
supposed that when carrying out a system of sewerage 
in a district in which the water-closet system is 
intended only to be partially adopted, as is now the 
case in many manufEtcturing towns in the North of 
England, it would be necessary to make some abate- 
ment in the sizes of the sewers on account of the volume 
of sewage to be excluded. In many northern towns of Northwn towi 
this country the authorities oppose the introduction of oppontion to 
water-dosets on the ground of the increased volume ^*<«r*«J<*«*»« 
of water it would be necessary to procure if their use 
became general. Many persons also oppose the intro- 
duction of water-closets on the ground that they are 
the sole cause of the pollution of the streams of the 
ooontry. A very slight amount of investigation will 
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Midden-filead 
towns' sewage 
iinpare. 



Analysis of 
sewage of 
towns. 



show that the sewage of the northern towns in which 
midden-steads are generally adopted, is, as a rule, quite 
as impure, and nearly as great in volume, as in districts 
in which water-closets are universally used, while at 
the same time the sewage contains nearly as large an 
amount of putrescent organic matter as in a water- 
closet town. The Bivers Commissioners have given the 
figures recorded in Table No. 6, being the result of the 
examination of the sewage of a large number of midden- 
stead and water-closet towns. 



Table No. 6, — Showing the Composition of the Sewage of Towns 

in Parts per 100,000. 





Total 
Solid 




Organic 
Nitro- 
gen. 


Am- 
monia. 


Total 
com- 
bined 
Nitro- 
gen. 


Chlo- 
rine. 


Suspended Matten. 


DescriptioD. 


Matter 
in Solu- 
tion. 


Organic 
Carbon. 


^** Organic. Total 


Average midden'^ 
towns . . . . / 

Average water- 1 
cloBet townf . . / 


82-4 
72-2 


4 181 
4-696 


1-975 
2-205 


5-485 
6-703 


6-451 11-54 
7-728 10-66 


17-81 
24-18 


21-30 
20-51 


39-11 
44-69 



Broadmoor 
sewage aod 
earth-cloaetfi. 



Coosamptioii of 
water due to 
imperfect fit- 

tlDgS. 



CoDsumptioo of 
water with per^ 
feet fittings. 



The excess of chlorine in the sewage of a midden- 
stead town shows that there is a larger proportion of 
urine present in a given volume of sewage than is foimd 
in a water-closet town. The Bivers Commissioners also 
found that the case is not substantially altered where 
earth-closets are used: they say ''The sewage from 
Broadmoor Lunatic Asylum, in which these closets are 
partially used, exhibits no exceptional degree of weak- 
ness," and they conclude by saying, ^ It seems hopelessi, 
therefore, to anticipate any substantial reduction of 
sewage pollution by dealing with solid excrementitious 
matters only." The great consumption of water in 
many towns is due rather to imperfect fittings, &c., than 
to the introduction of water-closets. At Croydon the 
author made numerous experiments, and found that 
for all domestic purposes, inclusive of water-closets, the 
average consumption of water in houses in which the 
fittings were perfect did not exceed five gallons per head 
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per day, and this result was arrived at in the case of 
honses which were above the average rateable value. 
Various devices have been proposed at different times Separation of 

, , fsBcai matter 

in order to separate faecal matter from the sewers or m from sewers. 
some cases to separate the urine from the solid feeces. Separation of 
All these devices have been propounded with a view to f^, "*" 
get some money return for the agricultural constituents Agricultural 
of the material to be dealt with, and not by any means ^^t^^^ 
with the view of introducing such appliances as a 
sanitary necessity. Table No. 5, page 38, shows the Volume of 
volome of sewage in various towns, the proportionate ZIT/ 
number of water-closets in use is also given, and con- 
sequently the Table in question may be taken as a 
guide by the engineer in carrying out similar works. 
To what has already been stated it is only necessary to Water-cioseu 
add that the introduction of the water-closet, with bcr^wate^. 
perfect water-waste preventing fittings, will not mate- supply. 
rially increase the volume of sewage to be provided 
for, as the water used for this purpose forms but a 
small part of the whole of the water used for domestic 
and general purposes ; therefore, in districts in which 
ash-pits, earth-closets, or other devices of this character 
are used for collecting faecal matter it will be well that 
the same provision should be made in the size of the 
sewers as is made in those districts in which water- 
closets are universally adopted. 



POSITION OF OUTFALL AND MODE OF 
DISPOSING OF THE SEWAGE. 



-•^•■ 



The position of the outfall of the district is one of Position of out- 
the first points that will require the consideration of the first considered. 
engineer, and so soon as the outfall has been arranged 
the rest of the scheme may be proceeded with without 
hesitation. In no case is it now advisable to proceed 
with works of internal sewerage until an outfall has 
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been secured. In a great measure the success of the 
scheme will depend both upon the position and the 
number of outfalls to be brought into operation in a 
district. As a rule it is usual, in constructing sewers, 
to lay them in the direction of the natural falls of the 
district, consequently, the outfalls of sewers are almost 
invariably found to be located in the valley of a river 
or stream which naturally provides for the drainage. 
But as it is advisable that the sewage in no case 
should be allowed to intermix with the pure natural 
water of the country, so as to lead to its pollution, pro- 
vision must be made for either purifying the sewage 
before passing it into the fresh-water streams, or, as in 
the case of sea-coast towns, to lead it to such a point as 
not to become the cause of offence. In inland towns it 
will be found that there are chemical or mechanical 
systems which will greatly palliate the evils of pollu- 
tion by precipitating or deodorizing the sewage, but the 
nuisance arising from sewage pollution may not always 
be removed in this way ; consequently such works are 

irrigation works. The plan that has hitherto proved 
most successful in purifying the sewage of an inland 
town is that of utilizing it in its fresh state on properly 
prepared land. In sea-coast towns it may prove most 
economical to carry the sewage directly out to sea, but, 
as a matter of precaution, the sewage should be deodo- 
rized, or otherwise treated, before being discharged into 
the sea. Where sewage has to be raised artificially in 
order to be applied to land, as will be the case in many 
towns, the point of outfall will be one of material im- 
portance. In some towns a system of interception 
hereafter referred to, with two or more outfalls, may be 
advantageously introduced in order to diminish the cost 
of the system of sewers, and establish the economic dis- 
posal of the sewage. All outfalls should be protected 
by proper arrangement, so as to exclude reverse cur- 
rents of either water or air from entering the sewers. 
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SELF-CLEANSING SEWEBS. 



■«o»< 



The early sewer works in this country were generally Construction of 
pnt into the hands of the most unskilful workmen. Little unskiifai work- 
er no attention was paid to the proper construction of ™*°* 
drains or sewers ; in fact it appears that the fastidious 
generations of the past looked upon constructions that 
had to do with the removal of those waste matters, 
which haye to be dealt with in every house and in 
every town, as too disgusting in their nature to be men- 
tioned in the ears of refined society. The frightful con- 9*°^ ^^ ^ . 

n_ ,%• A, J • J X xi- improvement in 

sequences ansmg from this utter disregard to these very oonstmction of 

necessary matters became the means, in a great measure, "^^^^ 

of awakening attention, and scientific inquiry into the 

principles which should regulate the construction of 

sewers. So well is the importance of securing perfect 

works of sewerage now understood, that it has become a 

proverbial saying that ** a man should look to his drains Prorerbiai 

before he furnishes his drawing room." The early sewers '^^^' 

executed in this country have been called " sewers of Sewen of 

deposit" ; in fact, at one period, it seems to have been a 

recognized feature that all sewers must sooner or later 

choke from the accumulation of deposit, therefore certain 

rules and regulations were laid down for their construe- Rules for con- 

tion, with a view to make the sewers of such a size as for"^^to ^^ 

should be convenient for the purpose of sending men «^^* 

into them to cleanse them when they became choked. 

Fig& 1, 2, and 3, represent three sizes of sewers. Those Description of 

of 2 feet diameter (Fig. 1) were considered sufficient ^ ^ 

for men to crawl into in order to cleanse them ; when 

they were from 3 feet to 3 ft. 6 in vertical dimensions, 

(Fig. 2) men could crouch in them, and when they were 

from 4 ft. to 4 ft 6 in vertical dimensions (Fig. 3) men 

could move in a stooping position, and they were required 

to be made at last 6 feet in height, in order that men 

ooold stand in an upright position ; when constructing 
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Arpimaitia sewers OD these principles, it was conceded that the 
MTO».'*^'"^ larger sewers were made the better they were, for it 

was shown that if sewers were |^,„ , 

made sufficiently high for men 

to walk through them, a man 

was able to remove in the 

course of a few hours, from a 

choked sewer, aa much matter 

as he would in as many cluys 

from a sewer of smaller dimen- 
sions. The author in tlic course 

of his experiences has often 

seen men pass into old sewers 

of no larger diameter than 2 fl. 

(Fig. 1), which had lieeonic 





completely choked with decomposing fiscal and other 
vile matter. When the noxious character of these 
deposits, and the nature of the work performed is 
fully considered, and the true principles which should 
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regulate the proper construction of sewers are more 
generally nnderstood and appreciated, these Tile 
practices will have an end, as there is no more neces- 
sity to send men into sewers to carry out such dis- 
gusting operations, than there is to send boys up 
chimneys to sweep them. The great fault in the early F«uit otmir 
sewer works arose from the fact that the size, form, "'"*" 
mode of construction, or materials adopted were not in 
accordance vith the work the sewers bad to perform. 
The following woodcuts represent sections of defective 
forms of drains and sewers. Pig. 4 is a section of a i>«"p"'* "f 

^ woodcut. 





house-drain, the sides of which are constructed of bricks 
laid cm edge on the floor of the trench, covered again 
with bricks lengthways, so as to give a sectional area 
of 6 inches by 4^ inches ; such drain having nothing 
bat a rough and often pervious soil for its floor soon 
became stopped up. Fig. 5 is an improvement on 
Fig. 4 inasmuch as Ivicks are also used to form the 
invert of the sewer. Fig. 6 represents an attempt to 
construct a circular sewer of small dimensions with the 
ordinary bricks. The effect of using snch bricks in con- 
strocting so small a sewer is shown in the wide gaping 
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joints at the back, and ae anch sewen vere generaUy 
pnt together with improper materials, in course of time 




the ordinary mortar in the joints diBa|^>earwl, and the 

liquid escaped throogh the joints and left the solid 

Euij mmm, matter to choke the sewer.* The earlier seweis vera 

generally made with flat inverts, in fitct tliis was the plan 

adopted b; the Romans, and probaUy copied from them. 

The stream of sewage flowing throngh the sewers was 

often very small in proportioQ to the size of the sewer, 

and, when spread over a la^ flat surface, its velocity 

was so moch impeded by the frictional resistance of the 

bed, and the angles of the channel, that the matters 

in saspenaioD in the water were deposited, until, at 

length the sewers became completely choked, and then 

commenced those disgusting operations of sending men 

into them to remove the obstructionsi The following 

Figures, 7, 8, and 9, show tile way in which matters 

accumulate in sewers. 

EnmpidGoni- These examples are taken from well-authenticated 

SwiarHHiib. records compiled by the General Board of Health. The 

Katartali nioi materials used in the construction of sewer works have 

in Mvcn. ^jg^ j^ some effect in promoting stoppages. Sewers 

constructed of rough atone or other materials presenting 
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a rough and iiregnlar aur&ce (Fig. 10) canse an obfitmc- 
tion to the flow of the sewage by retarding the stream. 




which leads to deposit Other sewers were constmcted 
of sQch an imperrioua character that they really became 
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AbMrbing absorbing seweis (vide Figs. 1 and 3), that is, the solid 

and liqnid matters passed into the sewers^ the liqnid 

flowed away through the creyices and joints of the sewer 

itself into the subsoil, and left the solid matter to choke 

How feiren the sewers. It has been amply demonstrated, from the 

•eif-daokiBg. I'^solts gained by experience in the management and 

working of sewers, that by so proportioning the size, 
form, and inclination of a sewer to the yolome of 
sewage it has to convey, it may be made self-cleansing. 
It was a generally received opinion at one time that all 
brick sewers were sewers of deposit, and that pipe sewers 
were self-cleansing, but upon this point there can be no 
greater mistake. Pipe sewers may become sewers of 
deposit, and brick sewers may be made self-cleansing. 
v«^>t7pf ^«^ In order to prevent deposit in sewers, it is necessary to 
uiaed. provide a certain velocity in the flow of sewage, which 

must be secured throughout the whole system of sewers, 
and such Telocity must be su£Scient to prevent the sub- 
sidence from the liquid of any matters in suspension, 
and also to move along the bed of the channel any 
Experiments, solid deposit. Numcrous experiments have been made, 
at various times, by different individuals, as to the effect 
of currents of water in moving matter along variously 
formed channels, and from these experiments certain 
rules have been laid down for the guidance of the 
engineer when constructing works of sewerage. Mr. 
Mr.Wickiti^'f Wickstcod ascertained, on the Leicester Sewerage 
fxpenmen . "^Q^ks, that if a bottom velocity of 16 inches per 
second, equal to -^ths of a mile per hour, could be 
maintained, such velocity would prevent the deposit of 
small pieces of brick and stone, and vdth a velocity of 
21f inches per second, or 1*24 mile per hour, iron 
borings or heavy slag would be removed by the current* 

* Experience in the working of aewers, since the date of these ex- 
periments, has amply demonstrated fchat the velooity of flow must he 
considerahly greater than shown hy Mr. Wicksteed*s experiments, if 
sewers are to ho kept free from deposit. In no case should the velocity 
bo less than 2 ft per second, but in the generality of cases it shonld be 
much greater. 
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IL Dnbuat gives the velocity necessary to remove 
certain solid substances as under. 

ft la. 

Riyer mnd^ Bemi-flnid 3 per second. 

Brown pottery clay 8^ 

Commoiiolay 6 

Yellow sand, loamy 8^ 

Common river sand 1 

Gravel, size small seeds 4^ 

„ ofpeas 7| 

„ of beans 1 0^ 

Coarse ballast 2 

Sea shingle, aboat 1 in. diameter .. .. 2 2 

Large shingle 3 

Angnlar shingle, size of hen's ^gs .. .. 3 3 

Broken stones 4 

n agglomerated, or schistous rocks . . 4 4 

Rocks with distinct layers 6 

Hard rocks 10 

Mr. Beardmore, in his extremely valuable hydraulic Mr. Bcardmoi 
Tables, gives the velocity which should be maintained in 
sewers at 150 feet per minute. Mr. J. Phillips, who had Mr. Phillips. 
had considerable experience in the working of sewers in 
London, states that a velocity of 2^ feet per second, equal 
to If mile per hour, will prevent deposit Professor Professor 
Bankine says that the velocity in sewers should not be 
less than 1 foot per second or more than 4^ feet per 
second. House drains, he says, should have a velocity 
of 4J feet per second. The velocity necessary to re- Velocity to re 

, . . . „ . , move obstruc- 

move obstructions from sewers m a great measure tions depends o 
depends on the specific gravity of the deposit. All ti^^'r specific 
matters submerged in water lose weight in pro{)ortion 
to the volume of water they displace, consequently com- 
paratively small currents have great efiect in carrying 
forward solid matter. Experiments made by Mr. J. E. ^^^' ^' 
Blackwell, C.E., for the Government referees in the exi^riments. 
plan of Main Drainage of the Metropolis, show very 
clearly the effect of currents in removing substances 
of different specific gravity. For example, coal of a 
specific gravity of 1*26 commenced to move in a cur- 
rent of from 1 • 25 to 1 • 50 foot per second. A second 
sample of coal of specific gravity 1 -33 did not commence 

E 
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porteil do not 
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Author's expe- 
rience. 



Sufficient 
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to move until the velocity was 1*50 to 1'75 foot per 
second, a brickbat of specific gravity 2 * 0, chalk of specific 
gravity 2*05, required a velocity of 1*75 to 2 feet per 
second to start th^m. Oolitic stone, specific gravity 
2 • 17 ; brickbat 2*12, chalk specific gravity 2*0; broken 
granite specific gravity 2 • 66, required a velocity of 2 * 
to 2 • 25 feet per second to start them. Chalk specific 
gravity 2*17, brickbats specific gravity 2*18; lime- 
stone specific gravity 1*46, required a velocity of from 
2 • 25 to 2 • 50 feet per second to start them. Oolite stone 
specific gravity 2 • 32, flints specific gravity 2 • 66, lime- 
stone specific gravity 3 • 00, required a velocity of 2 * 50 
to 2 • 75 to start them. It was shown in these experiments 
that after the start of the materials with the current, 
in no case did the materials to be transported travel at 
the same rate as the stream, but in every case their pro- 
gress was considerably less, as a rule often more than 
50 per cent, less, than the velocity of the current. The 
author in the course of his experience has found that 
in order to prevent deposit in small sewers or drains, 
such as those of 6-in. and 9-in. diameter, a velocity of 
not less than 8 feet per second should be produced. 
Sewers from 12 to 24 inches diameter should have a 
velocity of not less than 2^ feet per second, and in 
sewers of larger dimensions, in no case should the velocity 
be less than 2 feet per second. In order to maintain 
these velocities in sewers, it is absolutely requisite that 
a certain rate of inclination should be secured ; thus 
small sewers will require a greater rate of fall than 
large sewers, and large sewers, on the other hand, must 
have provided a much larger volume of fluid, so that 
the proper velocity through them may be maintained. 
It is not sufficient to design a large sewer in a district 
of small fall unless to prevent its becoming a sewer of 
deposit, (which it would undoubtedly become even when 
its rate of inclination when running full or half full 
would give tlie required velocity to make it self-cleans- 
ing,) we are sure of a volume of sewage which will fill 



SELF-CLEANSINO SEWERS. 51 

the sewer to the proper extent so as to maintain the 
Telocity required, either naturally, or artificially by 
flushing arrangements. Sewers of various sizes, having Sewen of 
difierent rates of inclination, will have the same velocity : have wm"* 
for example, a sewer 10 feet diameter having a fall of ▼eiocity. 
2 feet per mile, a sewer 5 feet diameter with a fall 
of 4 feet per mile, a sewer 2 feet diameter having a 
fall of 10 feet per mile, and a sewer 1 foot diameter 
and a fall of 20 feet per mile, but in order to maintain 
the same velocity the 10-feet sewer will require to con- 
vey one himdred times, the 5-feet twenty-five times, 
and the 2-feet four times as much sewage as the 1-foot 
sewer. The adjustment of the various sizes of sewers 
is a matter which will always require the careful con- 
sideration of the engineer. 

Hitherto, in speaking of velocities, we have been Bottom 

vdocitv in 

dealing with the mean velocityof streams, but in prac- sewers: 

tice it is found that velocity increases in a current as 

the fluid particles of the stream are removed from its 

sides or bed, consequently the velocity at the bottom 

of a channel, or over the invert of a sewer, is the velocity 

which is really eflective in scouring it, and such velocity 

is always less than the mean velocity. The mean velocity 

of the stream, according to M. Prony's formula, is as m. Prony's 

^11 formula. 

follows : — 

_y V + 7 -776 
" " V + 16-335* 

V = Surface velocity, 
r = Moan „ 

For all practical purposes in the case of sewers, the Rule for bottom 
velocity along the invert of the sewer will be |ths of ^l^^^ ^° 
the surface velocity, or ^^ths of the mean velocity 
given in the Tables. The velocity in a sewer is propor- 
tionate to the square root of the section when divided 
by the wetted perimeter, therefore velocity diminishes 
-greatly with the depth of the stream flowing through 
the sewers^ and, as a rule, when we have the smallest 
quantity of sewage and the least depth flowing through 

B 2 



52 DESCBIFnOK OF TABIJB8. 

the sewers, the sewage is carrying its maximum load of 
suspended matter, consequently there is a greater 
inclination for matter to sabside at snch times, on 
account of the velocity being at its minimum. In 

Sewen in uH>er every system of sewers the upper portions should natu- 
rally have a greater rate of inclination than the lower 
portions of the system, as in those parts there is a 
smaller quantity of sewage to deal with, and conse- 
quently a greater fall is required to produce the neces- 
sary velocity to render the sewer self-cleansing. In 
cases in which the ordinary flow of sewage would not 

Necwrity for give the requisite velocity to render the sewers of a 
* distnct self-cleansmg, artificial means are used tor 

flushing the sewers by temporarily increasing the 
volume passed through them in a given time. The 
various modes which are adopted for flushing sewers, are 
hereafter specially considered. 



DpscBiPTiON OP Tables relating to the Velocities 
IN Sewebs Nos. 7 TO 18 inclusive. 

These Tables are worked out from the formulae of 
Weisbach, hereafter given at page 74. 
Table No. 7. Table No. 7 shows the proper inclination of various- 

sized sewers from 4 inches to 10 feet diameter for velo- 
cities varying from 2 feet to 6 feet per second. It is 
equally applicable to sewers running fall or half fiilL 
In this Table it is calculated that the head of water is 
equal to the velocity in feet, therefore the velocity in 
feet multiplied by the inclination, equals the length of 
sewer in feet, to which the calculation applies. For 
example, a drain 4 inches diameter is required to be 
laid at such inclination as to give a velocity of 3 feet 
per second. On examination of the Table it will be 
seen, under the column of velocity for 3 feet, that a 
4-inch sewer must have an inclination of 1 in 92, there- 
fore, to make the calculation strictly correct, 3 x 92 
s= 276 feet, is the length of the drain to which the 
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calculation applies. If the velocity is 6 feet per second, 
the rate of inclination given by the Table would be 1 in 
24, and 6 x 24 = 144 feet, the length to which this 
calculation correctly applies. 

Table No. 8 shows the proper inclination of egg- Tabic No. 8. 
shaped sewers for velocities varying from 2 feet to 6 
feet per second when flowing fiill. In this Table it is 
calculated that the head of water is taken the same as 
in the previous Table, or equal to the velocity ; con- 
sequently the length of sewer to which the Table is 
applicable, equals the velocity multiplied by the rate of 
inclination. For example, a sewer 3 ft. x4 ft. 6 in., 
having a velocity of 2 feet per second, would require to 
be laid at an inclination of 1 in 2028, and the length of 
sewer to which the calculation is applicable=2x2028, 
or 4056 feet. 

Table No. 9 shows the proper inclination of egg- Table No. 9. 
shaped sewers for velocities varying from 2 feet to 6 
feet when flowing two-thirds full. 

Table No. 10 shows the proper inclination of egg- Table No. lo. 
shaped sewers for velocities var)ung from 2 feet to 6 
feet when the sewers are running one-third full. It 
will be seen by comparing Table No. 9 with Tables Note to Table* 
Nos. 8 or 10 that when a sewer is running two-thirds full, an^io. ' 
with a given rate of inclination, a greater velocity is 
produced than when the same sewer is running full or 
one-third full, or, in other words, it requires less incli- 
nation to produce the same velocity in a sewer when 
running two-thirds full, than is required to produce the 
same velocity in the same sewer when running full or 
one-third full. 

Table No. 11 shows the proper inclination of circular Table No. 1 1. 
sewers of one foot diameter when running full or half 
full, and working under various heads. The proper 
inclination of any other sized circular sewer may be 
found by multiplying the inclination given in this Table 
by the diameter of the sewer in feet or decimal parts of 
feet. Therefore, as we have already laid down the rule 
that in no sewers should the velocity be less than 2 feet 
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per second, the least inclination of any sewer may be 
approximately arrived at by multiplying the number 
583 by the diameter in feet, or decimal parts in feet, of 
the proposed sewer. So with any other velocity, if the 
figures given in this Table are kept in mind, the rate of 
inclination for any other sized sewer may be easily ascer- 
tained. For example, take a sewer 6 inches diameter 
with a velocity of 2 feet, we shall find that • 5 x 583 
=291 '5, gives the least rate of inclination at which 
a sewer of that diameter should be laid down, or 1 in 
291. If we take a sewer 10 feet diameter, with a velo- 
city of 2 feet, 10x583 gives 5830, representing the 
least inclination of a sewer of that size, or 1 in 5830, 
and so on in regard to any other size. This Table is 
applicable to any length of sewer. In using it, all that 
is required to be determined is the total fall in the 
sewer we propose to construct. For example, say that 
it is 10 feet, under column h we find 10 feet, and under 
the column of velocity, say 2 feet, we find 606 • 3, which 
represents the least inclination of a sewer of one foot 
diameter. If the sewer was 3 feet diameter, the proper 
rate of inclination to give a velocity of 2 feet per 
second, would be 3 x 606 3=1 in 1819, or if the sewer 
was 18 inches diameter, and the velocity required 3 feet 
per second, we shall find opposite the 10 feet fall in the 
column of 3 feet velocities, 289*3, which multiplied by 
l-5foot=lin434. 
Table No. 12. Table No. 12 shows the proper inclination of egg- 
shaped sewers 1 ft. x 1 ft. 6 in. when running full and 
working under various heads. The proper inclination 
of any other sized egg-shaped sewer may be easily ascer- 
tained from this Table, for it will be found that if the 
least or transverse diameter in feet or decimal parts of 
feet is multiplied by the inclination given under the 
several velocities in this Table, the result will express 
the proper inclination for any other sized sewer having 
the usual proportions,* that is, in cases in which the 
transverse diameter equals two-thirds that of the vertical 

♦ The proportion is ebown in Fig. 16, p. 100. 
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diameter, the iiiyert being struck with a radius of one- 
fourth the transverse diameter of the sewer, the side 
being struck with a radius equal to the vertical dimen- 
sions of the sewer. For example, if we take a sewer 
3 ft^ X 4 ft. 6 in., the total fall in the length of sewer 
taken into consideration being 10 feet, the velocity 
requisite to be maintained in the sewer when running 
full being 2 feet per second, we shall find under column 
of 2 feet velocities opposite 10 feet, 702*6 ; if we mul- 
tiply this by 3 feet, or the transverse diameter of the 
sewer in question, it will correctly express the inclina- 
tion of the required sewer, or 3x702*6=1 in 2107 '8. 

Table No. 13 is similar to No. 12, except that it 18 Table No. 13. 
calculated to give the inclination and velocity of sewers 
when running two-thirds fulL 

Table No. 14 is similar to No. 12, except that it is TaUe No. 14. 
calculated to give the inclination and velocity of sewers 
when running one-third ftdl. 

Table No. 15 gives the velocity in feet per minute in Table No. 15. 
circular sewers of sizes varying from 4 inches to 10 feet 
diameter when constructed at inclinations varying from 
1 in 50 to 1 in 6000. In preparing this Table, the 
length of sewer taken into consideration is the same as 
in Table No. 7, or the head of water is taken as being 
equal to the velocity. For all practical purposes it may 
be considered correct, but in cases in which greater 
accuracy is required, the proper inclinations may be 
worked out from Table No. 11. 

Table No. 16 gives the velocity in feet per minute of Table No. 16. 
egg-shaped sewers when running full. It is calculated 
for sewers varying in size from 1 ft. x 1 ft. 6 in. to 
6 ft. x9 ft., when constructed at inclinations varying 
from 1 in 100 to 1 in 4000. 

Table No. 17 is similar to Table No. 10, except that Table No. 17. 
the calculations are made for sewers when running two- 
thirds full. 

Table No. 18 is similar to Table No. 16, except that Table No. is. 
the calculations are made for sewers when running one- 
third full 
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Historical The scienco of Hydraulics, like many kindred sciences, 

Hjdnaiics. ^^ gradually advanced in improvement until it has 

reached a high degree of perfection. It had its origin 
in the days of antiquity, although it is not clear that 
the ancient Bomans, and others, had any formulas, 
similar to those now generally used by engineers, 
to guide them in the construction of their hydraulic 
works, but it is quite clear that the Romans were 
practically masters of the laws which govern the 
flow and discharge of water, as the regulations exist- 
ing in ancient Bome for the distribution of water 
within the city bear conclusive testimony that they 
possessed a clear knowledge of these laws, and also 
were acquainted with expedients which might be used 
for fraudulently obtaining a supply of water greater than 
was contemplated by their regulations. No record has 
been handed down to posterity of any formulae that may 
have been employed in designing those stupendous 
works for bringing a supply of water into those ancient 
cities, or for calculating the discharge of the sewers 
flowing from those cities, and if any such were used 
they have been lost. After the revival of scientific 
research, it was not until the fourteenth century that 
hydraulics came to be considered a branch of science. 
In the seventeenth century this science received a con- 
siderable amount of attention, and from that period it 
has progressed rapidly towards perfection. Castelli and 
Torricelli, pupils of Galileo, both contributed largely 
to the development of this science. The former pub- 
lished a work on rivers in 1628, the latter discovered 
that by abstracting all resistances the velocity of an 
escaping fluid from an orifice was equal to that which a 
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heavy body would acquire when falling in vacuo, and he 
argued that the acceleration in the velocity of streams 
was due to the slope of the surface of the water. 
From that period to the middle of the eighteenth 
century, the science of hydraulics was treated almost 
entirely as a theoretical deduction, but then com- 
menced the era of experimental investigation. Pro- Eraofexpcri- 
fessor Michelotti of Turin, and Abbe Bossut of Paris, ™^ '^^ 
ably represented thia new era, but it was left to M. 
Chezy, in 1775, to reduce the laws of water in motion 
to simple*algebraic formula. This formula, introduced 
nearlj a century ago, is presented in a form to which all 
subsequent formulsD may be reduced. The formula is 
here given : — 

M. Ghezt*8 Fobkula. Chez/s 

foimula. 



^ - Alp 

y = Telocity in feet per second. 

^ = 32194. 

A = difference in level in whole distance /. 

/ = length of limited portion of channel. 

a = area of cTOss-section. 

p = length of wetted perimeter. 

A = coefficient or measure of resistance. 

B = determioed by experiment. 

r = r- = hydraulic mean depth. 
« = y r= Bine of slope. 

This formula has been adopted by a large number of 
authorities, the value of B differing somewhat. As for 
example : — 

Beardmore, 94 • 2. Value of co- 

lyAnbisson, 95*6 for velocities over 2 feet. efficients by 

Downing and Taylor, 100 for large and rapid rivers. diirerent autho- 

Bytelwein,93-4. ""«^ 

Lealie, 68 for smaU rivers ; 100 for large. 
NeviUe, 92*3 for velocities under 1*5 foot per second, and 93*3 for 

greater velodties. 
Btevenwrn, 69 for small streams ; 96 for large streams. 

The formula most generally used at the present day 
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Ejtdwdn'f 
formula. 



Weubach'8 
formula. 



is that ascribed to Eytelwein, introduced in the early 
part of the present century. It is as follows : — 

which by reduction can be put 

V = 93-4V7Z 

V* = 55 ^TWr. 

H = fall in feet per mile. 
V = velocity per second, 
y^ =r velocity per minute, 
r = mean radius or hydraulic mean depth. 
6 = sine of slope. 

Eytelwein found that the velocity per second nearly 
equals a mean proportional between the hydraulic mean 
depth and twice the fall in feet per mile. The formula 
used in preparing the several calculations in the Tables 
in this book is that of Weisbach, which is here given : — 



V = 



^ l + e + 



/ 



h = head of water in feet. 

/ = length of pipe in feet. 

d = diameter of pipe in feet. 

tJ = velocity in feet per second. 

c = coefficient for fiiction in pipe. 

e = coefficient of resistance for entrance of water into pipe. 



c= -01439 + 



016921 



V 



The following Table gives the diflferent values of o 
for varying velocities : — 



« 


c 


1 


c 


V 


c 


•1 


•0679 


•7 


•0346 1 


3 


•0242 


•2 


•0522 


•8 


•0333 1 


4 


•0229 


•3 


•0453 


•9 


•0322 


6 


•0213 


•4 


•0411 


l^O 


•0313 


8 


•0204 


•5 


•0383 


1-5 


•0282 


12 


•0192 


•6 


•0362 


2-0 


•0263 


20 


•0182 
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is at an average = '505, but maybe reduced to "08 
by rounding off the inlet 

For h =v, and 1 : t &= rate of inclination. 

64*a8 

V = 



, .^_ . cvi 
1505 + -T- 
a 



It will be seen from this formula that different co- 
efficients are used for varying velocities. It should be 
fully borne in mind by those carrying out works of 
sewerage that gravity is the sole cause of motion. The Grarity sole 
motion of the particles of water in the sewer is wholly 
due to the inclination of the surface. When a fluid is 
brought to rest its surface will be horizontal, and when 
the surface is in that position the action of gravity 
ceases and the fluid ceases to flow. But so soon as the 
surface becomes inclined motion recommences, although 
the bottom of the channel may be horizontal, or even 
have an inclination opposed to that of the flow of the 
water. Water flowing through a sewer is subject to 
certain accelerating forces, so that, if it did not en- 
counter any resistance, it would descend with an ac- 
celerating speed, just the same as any heavy body 
falling through air or running down an inclined plane. 
But in a sewer, or channel, used for the conveyance 
of water, certain retarding forces are at work which Retarding 
are equal to and destroy the accelerating force ^ at 
every moment. Besistance in the case of a sewer is 
that offered by the bed and sides of the channels. It is 
assumed by many authorities on hydraulics that the 
velocity is retarded, owing to the attraction of the par- 
ticles of fluid in motion^ by those particles of the fluid 
which adhere to the wedls of the channel. If this is Resistance of 
true the resistance of the flow of water depends, not so niauriaiB. 
much upon the nature of the material composing the 
channel, as all materials more or less have an attraction 
for water, and in a channel a lamina of water is con- 
aequently spread over their surface. The experiments 
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of Daboat fiuled to show Uiat there was any yariation 
in the bictifm ci water in diannels of glass, lead, iron, 
or wood, so that for all practical purposes the nature of 
the materials ci wbick a sewer is constructed need not 
be taken into consideration. That portion of the 
channel in a sewer cft watercourse which is touched b^ 
Wcu«dperi- the water is termed the wetted perimeter, and the 
greater the proportion of the wetted perimeter to the 
Tolume to be discharged the g^reater will be the resist- 
ance. Resistance is therefore in the inverse ratio to 
the section, and increases directly as the velocity. In 
all calculations of the discharge of water through sewers 
or channels, it is requisite to determine, with accuracy, 
the extent of the wetted perimeter, and also the sectional 
area of the water-way. By dividing the sectional area 
of the channel by the wetted perimeter, or the contour 
Hydmuiic mean of the wettcd channel, we get what is called "the mean 

hydraulic depth," or often, " the mean radius." In all 
Hydraulic mean circular sewers it is easy to determine the hydraulic 
•ewert."^^" mean depth, or mean radius, as the proportion between 

the wetted perimeter and the area, both when the sewer 

is running full or half full, is the same, and invariably 

equals one-fourth the diameter of the sewer. The 

Hydraulic mean hydraulic mean depth of egg-shaped sewers varies with 

•h»i)oJ Mwera. *^6 volume of water flowing through them, but when 

such sewers are of the usual proportion,* the hydraulic 
mean depth when running full is foxmd by multiplying 
the transverse diameter by 0*2897; when running two- 
thirds full by 0*3157; and when running one-third full 
Perimeter of by 0*2066. The perimeter of an egg-shaped sewer 
2^. wlion running full equals 3 * 9649 times the transverse 

diameter. When running two-thirds full it is equal to 
2 * 3941 times the transverse diameter, and when running 
one-third full it is equal to 1 * 3747 times the transverse 
diameter of the sewer. 

* Tho proportion is giyon in the description of Table Na 12, 
pAgo 54. 
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Desgbiption of Tables relating to the Discharge 
OF Sewers, iojmbering from 19 to 24 ikclusiye. 

Table No. 19 gives the area, the circumference or Table No. 19. 
perimeter, and the hydraulic mean depth of circular 
sewers varying in size from 4 inches to 10 feet in 
diameter. The discharge of any circular sewer may be 
arrived at by ascertaining the velocity as given in the 
explanation of Table No. 11, page 53, and multiplying it 
by the area in square feet, as given by this Table. 

Table No. 19.— Abeas and Hydbaulic Mean Depths of 

CntcuLAB Sewers. 









Hydranlio 








Hydraulic 


Dim. 


Ansa. 


Clrcom- 
fereDce. 


Mean Depth 

when 
nmniDg full. 


iDlftm. 

inn. 


Area. 


Circnm- 
ferenoe. 


Mean Depth 

when 
running full. 


ins. 


•qoAreft 


feet. 


feet. 


■qaare ft 


feet. 


feet. 


4 


00872 


10471 


-0825 


45 


11-045 


11-781 


-9375 


6 


0-1963 


1-5708 


-125 


48 


12-566 


12-566 


1-00 


8 


0-3490 


2 0942 


•165 


54 


15-904 


14-137 


1-125 


9 


0*4418 


2-3562 


-1875 


60 


19-635 


15-708 


1-25 


10 


0-5454 


2-6180 


•2083 


66 


23-758 


17-279 


1-375 


12 


0-7854 


3-1416 


-250 


1 72 


28-274 


18-850 


1-50 


15 


1-227 


3-927 


-3125 


i 78 


33-183 


20-420 


1-625 


18 


1-767 


4-712 


•375 


i 84 


38-485 


21-991 


1-75 


20 


2-182 


5-236 


-4166 


j 90 


44-179 


23-562 


1-875 


22 


2-640 


5-762 


-4583 


96 


50-265 


25-133 


200 


24 


3 142 


6-283 


-500 


102 


56-745 


26-704 


2-125 


30 


4-909 


7-854 


-625 


,108 


63-617 


28-274 


2-25 


36 


7-069 


9-425 


-750 


114 


70-882 


29-845 


2-375 


40 8-727 


10-472 


-833 


120 


•78-540 


31-416 


2-500 



Table No. 20 gives the area and hydraulic mean Table No. 20. 
depth of egg-shaped sewers constructed of the usual 
proportions, or for sewers in which the transverse dia- 
meter is equal to two-thirds the vertical diameter, and 
in which the invert is struck with a radius of one- 
fourth that of the transverse diameter, the sides being 
stmck.with a radius equal to that of the vertical dia- 
meter of the sewer. The discharge of any sewer may 
be arrived at by multiplying the sectional area of the 
sewer, as given in this Table, by the velocity, which 
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may be arriyed at from the explanation of Tables 
No. 12, 13, or 14, given at pages 54 and 55. 



Table Na 20. — ^Abeas and Hydkaulio Mean Depths of Egg-shaped 















Sewers. 






^r* ^H^-l 




SIse of Sewer. 


Sectional 

Area when 

mnningfulL 


Sectiooal 
Area when 

height. 


Sectional 

Area when 

flk>wlng Ird 

vertfccfll 

height 


Hydninlic 
Mean Depth 
flowing fiilL 


Hjdranlio Hydranlic 

Mean Depth Mean Depth 

flowing trds flowing Ird 

vertical vertical 

height height 


/ 


n 1 

0X1 


n 

6 


11485 


0-7558 


0-2840 


0-2897 


0-3157 


0-2066 




2x1 


9 


1 


•15632 


1 


•0287 





-3865 


0-3380 





•3683 


0-2410 




4x2 





2 


•0418 


1 


•3436 





•5049 


0-3863 





-4209 


0-2755 




6x2 


3 


2 


•5841 


1 


•7005 





-6390 


0-4345 





•4735 


0'3099 




8x2 


6 


, 3 


•1903 


2 


•0994 





•7889 


0-4828 





-5262 


0-3443 




10x2 


9 


' 3 


•8602 


2 


•5402 





•9545 


0-5311 





-5788 


0-3786 


2 


0x3 





4 


•5940 


3 


•0232 ■ 


1 


•1360 


0-5794 





•6314 


0-4132 


2 


2x3 


3 


, 5 


•3916 


3 


•5480 


1 


•3332 


0-6277 





-6840 


0-4476 


2 


4x3 


6 


6 


•2529 


4 


•1149 


1 


•5462 


0-6760 





7366 


0-4820 


2 


6x3 


9 


7 


•1781 


4 


•7237 


1 


•7750 


0-7242 





•7892 


0-5165 


2 


8x4 





8 


•1671 


5 


•3746 


2 


-0195 


0-7725 





-8418 


0-5409 


2 10x4 


3 


9 


•2199 


6 


•0674 


2 


•2799 


0-8208 





8944 


0-5852 


3 


0X4 


6 


10 


•3365 


6 


•8022 


2 


5560 


0-8691 





•9471 


0-6198 


3 


2x4 


9 


11 


•5169 


7 


•5790 


2 


'8479 


0-9174 





•9997 


0-6542 


3 


4x5 





12 


•7611 


8 


•3978 


3 


•1556 


0-9657 




0523 


0-6887 


3 


6x5 


3 


14 


•0691 


9 


•2585 


3 


•4790 


10139 




•1049 


0-7231 


3 


8x5 


6 


15 


•4099 


10 


•1613 


3 


•8182 


1-0622 




1576 


0-7575 


3 10 X 5 


9 


16 


•8766 


11 


•1061 


4 


1732 


1-1105 




2102 


0-7920 




0x6 





18 


•3760 


12 


0928 


4 


5440 


1-1588 




2628 


0-8264 




2x6 


3 


19 


•9392 , 


13 


1215 


4 


9306 


1-2071 




3154 


0-8608 




4x6 


6 


21 


5663 


14 


1922 


5 


3329 


1-2554 


^ 


3680 


0-8952 




6x6 


9 


23 


2571 


15 


•3049 


5 


7510 


1-3036 




4206 


0-9297 




8x7 





25 


0117 


16 


4596 


6- 


1849 


1-3519 




4733 


0-9641 




10x7 


3 


26' 


8302 


17 


6563 


6- 


6346 


1-4002 


1 , 


5258 


0-9986 


5 


0x7 


6 


28' 


7125 


18 


8950 


7' 


1000 


1-4485 




5785 


1-0330 


5 


2x7 


9 


30- 


6649 


20- 


1757 


7- 


5812 


1-4968 




6311 . 


10675 


5 


4X8 


, 


32' 


6684 


21- 


4983 


8' 


0782 , 


1-5451 




6836 


11019 


5 


6x8 


3 


34- 


7421 1 


22- 


8629 


8' 


5910 I 


1-5933 




7363 


1-1363 


5 


8x8 


6 


36- 


8796 


24- 


2696 


9- 


1196 


1-6416 




7890 , 


1-1707 


5 


10 X 8 


9 


39- 


0809 , 


25- 


7182 


9- 


6639 1 


1-6899 




8415 ' 


1-2052 


6 


0x9 


' 


41-3460 


27-2088 


10-2240 

1 


1-7382 


1-8942 

1 


1-2396 
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minute of circular sewers, varying in size from 4 
inches to 10 feet in diameter, when laid at inclinations 
varying from 1 in 50 to 1 in 6000. In preparing this 
Table, the lengtii of sewer taken into consideration is 
the same as given in the description of Table No. 15, 
page 55. For all practical purposes, this Table may be 
taken as correct, but in cases in which extreme accuracy 
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is required, the actual discharge may be arrived at in # 

the way pointed out in the description of Table No. 19. 
It may be noted that the point at which the discharge 
terminates in this Table, represents the least inclina- 
tion (giving a velocity of 120 feet per minute) which 
shonld be adopted for any sewer intended to be self- 
cleansing, consequently it will be seen at a glance, that 
when a sewer of a certain size is laid at the greatest 
inclination that circumstances allow, to make it self- 
cleansing, and the discharge required is not sufficient, 
then a larger sewer must be adopted. 

Table No. 22 gives the discharge in cube feet per Table No. 22. 
minute for egg-shaped sewers when running fulL The 
discharge is calculated for sewers varying in size from 
1ft. X 1ft. 6in., to 6ft X 9ft., when laid at inclinations 
varying from 1 in 100 to 1 in 4000. 

Table No. 23 is similar to Table No. 22, only that it Table No. 23. 
is calculated for sewers when running two-thirds full. 

Table No. 24 is similar to Table No. 22, except that Table No. 24. 
the calculations are made for sewers when running one- 
third fuU. 
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TABLES OF DISGHABQE. 



Tabls No. 21. — ^Disohabox in Cube Feet per Minute for Cibcxtlab Sewebs, 



[nclin*- 


Staey 


SiM, 


SIse, 


SiM, 


Size. 


Sin, 


Stoe, 


Sis^ 


Sise. 


Size. 


Sise^ 


Sixe, 


Size, 


Size. 


tiOQ. 


4". 


6". 


8". 


9". 


10". 


12". 


16". 


18". 


20". 


22". 


24". 


30". 


36". 


40". 


I in 60 21*48 


60*17 


123* 


6 1 


165*7 1 


214*7 


339*1 


690*2 


927*7 














„ eo 19*73 


64*68 


112* 


1 


161*6 i 


196*7 


310*1 


639*9 


849*9 














M 10 18*26 


60*37 


104* 


' 


140*1 1 


182*0 


287*3 


500*6 


788*1 














M 80 16*94 


46*84 


97* 


02 


130*8 


170*0 


268*6 


468*7 


738*6 














H 90 16*89 


44*10 


91* 


44 


123*3 


160*2 


252*8 


441*7 


696*2 














H 100 


16*02 


41*76 


86* 


66 


116*7 


162*1 


240*2 


419*6 


660*9 


869*7 


1090 


1357 








H 110 


14*23 


39*69 


82* 


36 


110*9 


144*4 


228*4 


400*0 


630*8 


820*4 


1043 


1298 








H 120 


13*63 I 


37*83 


78* 


62 


106*1 


137*9 


218*2 


382*8 


604*3 


785*6 


997*9 


1241 








„ 130 


13*01 1 


36*46 


76* 


38 


101*7 


132*4 


209*6 


366*9 1 


679*6 


755*0 


958*3 


1191 








H 140 12*48 


84*89 


72« 


69 


97*68 


127*0 1 


201*7 


353*4 


658*4 


728*8 


924*0 


1147 








H 160 12*06 


33*71 


70« 


16 


94*16 


122*6 i 


194*7 


341*1 


640*7 


702*6 


892*3 


1109 








M 160; 11*61 


32*64 


67* 


71 


91*05 


118-8 


188*4 


330*1 


623*0 


640*8 


863*3 


1076 








H 170, 11*26 


31*36 


66* 


61 


87*96 


116*0 


182*1 


320*2 


607*1 


661*1 


836*9 


1043 








H 180, 10*91 


30*38 


63* 


62 


86*31 ; 


111*7 


176*6 


310*4 


491*2 


641.5 


813*1 


1012 








N 190 10*66 


29*60 


61* 


77 


83* 10 1 


108*6 


171*9 


301*8 ; 


477*1 


624*1 


792*0 


983*4 








N 200 


10*30 


28*81 


60* 


08 


80*89 


106*7 j 


167*2 


293*3 


464*7 


606*6 


770*9 


958*3 


1679 


2651 


3448 


H 260 




26*68 


63* 


40 


72*06 


93*74 


148*4 , 


261*4 


413*6 


639*0 


686*4 


854*6 


1497 


2368 


3082 


H 300 




23*13 


48* 


16 ; 


64*97 


85*03 


135*0 ; 


236 8 


376*4 


491*0 


625*7 i 


779*2 


1366 


2156 


2811 


H 360 




. . 


44* 


32 


69*67 


77*93 


124*0 , 


218*4 


346*3 


461*7 


675*6 


716*4 


1267 


1993 


2602 


H 400 




. . 


41* 


18 


66*69 


72*49 


116*4 


203*7 


323*4 


421*1 


635*9 


669*2 


1173 


1859 


2427 


^ 460 




. . 






62*16 


68*13 


108*3 


191*4 


303*9 


397*1 


604*2 


628*4 


1105 


1746 


2278 


N soo 




. . 






• • 


64*31 


102*06 


180*4 


286*3 


375*3 


477*8 


693*8 


1046 


1664 


2156 


n 660; .. 


• . 






• * 




97*34 


171*8 


272*1 


865*7 


454*1 


565*6 


996*5 


1576 


2068 


H 600 .. 


• . 






. • 




92*63 


164*4 


259*7 


340*4 


433*0 


540*4 


952*3 


1606 


1964 


H 660 .. 


• . 






• . 




•• 1 


157*1 


249*1 


325*1 


414*6 


518*4 


913*1 


1448 


1886 


H »oo; .. 


. . 






• . 




1 

• • 


150*9 


238*6 


312*0 


398*6 


496*4 


878*7 


1386 


1816 


n WO .. 


. • 






• . 




• • 


144*8 


229*7 


301*1 


382*8 


477*6 


844*3 


1336 


1766 


H 8oo: .. 


« . 






. • 




• . 


• • 


222*6 


290*2 


369*6 


461*9 


814*9 


1294 


1694 


H 860, .. 


• . 






. . 




• • 


. * 


215*6 


281*5 


369*0 


446*2 


790*3 


1261 


1641 


m OOO' .. 


. • 






• . 




• • 


• . 


208*5 


272*7 


348*5 


433*6 


766*8 


1216 


1689 


N 050 .. 


• • 






• . 




. • 


• • 


• • 


264*0 


337*9 


421*0 


741*3 


1181 


164S 


nlOOO, .. 


. • 






• • . 




• . 


• • 


• • 


257*5 


327-4 


408*6 


721*6 


1146 


1608 


wllOO' .. 


. • 






* • 




. « 


• . 


• • 


■ • 


311*5 


3d9*6 


687*3 


1089 


1428 


h1200, .. 


• ■ 






• 1 




• . 


• • 


• • 


• • 


• • 


370*8 


652*9 


1039 


1868 


., 1300| .. 


. . 






. ■ 




.. 


• • 


• • 


• • 


• • 


• • 


623*4 


996*7 


1801 


«1400| .. 


• . 






. . 




• • 


• . 


• • 


• • 


• ■ 


. . 


598*9 


954*3 


1248 


m1600 .. 


. • 






• • • 




• • 


. • 


• • 


• • 


• • 


.. 


579*3 


919*0 


1206 


H 1600 , , 


• . 






■ * 




• • 


■ • 


• • 


• • 


• • 


.. 


• . 


890*7 


1161 


nlWO .. 


• • 






. * 




• • 


• • 


• • 


• • 


• B 


. 1 


• . 


862*4 


1126 


..1800 .. 


• • 






. • 




• • 


• • 


• • 


• ■ 


• • 


• • 


• • 


884*1 


1091 
1056 


»1»00 .. 


. . 






• • 




■ • 


• • 


• • 


• • 


• • 


• . 


• . 


• • 


«2000 .. 


. • 






. • 




• • 


.. 


• • 


• • 


• • 


• * 


• • 


• • 


1030 


m2100| .. 


. • 






a • 




• • 


• • 


• ■ 


• • 


■ • 


. • 


• • 


• • 






h220o! ., 


. • 






• • 




• • 


• • 


• • 


• • 


• • 


. . 


• . 


• • 






h2300, .. 


* . 






• • 




• • 


• • 


• • 


■ ■ 


■ • 


. . 


• . 


• • 






^2400 .. 


• • 






• • 




• • 


• • 


• • 


• • 


• • 


. . 


. . 


• • 






.,2600 ,. 


• • 






• . 




• • 


• • 


• • 


• • 


• • 


. • 


• . 


• • 






h2600 .. 


. • 






» . 




• • 


■ • 


• • 


• • 


• • 


. . 


. . 


• • 






,.2700' .. 


• • 






. . 




• • 


• • 


• t 


• • 


• • 


. . 


•• 


• • 






..2800 .. 


. . 






. • 




• • 


• • 


• • 


• • 


• • 


■ . 


• • 


• • 






h2900 .. 


■ • 






• • 




• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 






«3000, .. 


• . 






• • 




■ • 


• • 


• t 


• • 


• • 


. . 


• • 


• • 






«»ioo .. 


• • 






. • 




1 .. 


• • 


• • 


• • 


• • 


. . 


• • 


• • 






..3200, .. 


• . 






• • 




• • 


• • 


• t 


■ • 


• • 


■ » 


• • 


• • 






n8300 .. 


. • 






• • 


1 


i 

1 • • 


■ • 


• • 


• • 


• • 


• • 


• • 


• • 






h3400 .. 


• • 






. . 




1 

• • 


• • 


• • 


• • 


• ■ 


. . 


• • 


• • 






..3600 .. 


• . 






. . 




• • 


■ • 


• • 


• • 


• • 


. • 


• • 


• • 






h3600 .. 


• . 






. . 




• ■ 


• • 


» • 


• • 


• • 


. . 


• • 


• • 






«3700 .. 


• • 






• . 




• • 


• • 


• • 


• • 


• • 


. • 


• • 


• • 






H3800i .. 


• • 






. • 




• • 


t • 


• • 


• • 


• • 


. . 


• • 


• • 






.,3900 .. 


• • 






• • 




• • 


• • 


• • 


• • 


• • 


. . 


• • 


• • 






h4000 .. 


• . 






• • 




• • 


• • 


• • 


• • 


• • 


• . 


• • 


• • 






.,4ioo; .. 


• . 






« • 




• • 


• • 


• • 


• • 


• • 


. . 


• • 


• • 






h4200 .. 


. . 






* • 




• ■ 


• • 


• • 


■ • 


• ■ 


• . 


• • 


• • 






..4300! .. 


. • 






. ■ 




• • 


• • 


• • 


• • 


• • 


. . 


• • 


• • 






«4400 .. 


. • 






. . 




• • 


• • 


• • 


• • 


• • 


. . 


• • 


• • 






.,4600! .. 


. . 






. . 




' • • 


• • 


■ • 


• • 


• • 


. . 


• • 


• • 






„4600 .. 


. . 






. . 




1 * * 


• • 


• • 


• • 


• • 


. . 


• • 


• • 






«4»00 .. 


. . 






• • 




! .. 


• • 


• • 


• • 


• • 


• . 


• • 


• • 






n4800 .. 


. . 






. ■ 




• • 


t • 


• • 


• • 


• • 


. . 


• • 


• • 






.,4900 .. 


. • 






1 * * 




• ■ 


• • 


• • 


• • 


• • 


. • 


• • 


• • 


1 . 




»6000 .. 


• • 






1 *• 




• • 


• • 


• • 


• • 


• • 


• . 


• • 


• • 


• 




*«ioo; .. 


• . 






• • 




• • 


• • 


• • 


• • 


• • 


• . 


• • 


• • 






n •'"W 


■ • 






• • 




• • 


• • 


• « 


■ • 


• • 


. . 


• • 


• • 






h6»00 .. 


• . 






• • 




• • 


• • 


• • 


• • 


• • 


• . 


• • 


■ • 






«6000 .. 


. . 


; 1 




• • 




• • 


• • 


• • 


• • 


• • 


. • 


• • 


• • 


■ '•• 1 
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mg full and constructed at Yabious Rates of Inclination. 



aaa^ sum. 


Slie. 


8iae. 


Siie. 


Sise. 


Sitt, 


Sixe. 


Size, 


Sixe. 


Siie. 


SIxe, 


lucUnap 




§4». ; 60^. ' 


66*. 


72". 


78". 


84". 


90". 


96". 


102". 


108". 


114". 


120". 


tion. 


























lln 50 


























H 60 


























H fO 


























n 80 


























n »0 


























H 100 
» 110 
H 120 
,. ISO 
n 140 
» 150 

n leo 

H 170 
*, 180 
.. 190 


nt8 


3444 i 


11950 


14816 


















H 200 


maft 


8603 
7756 


10762 
9836 


13345 
12186 


















H 250 
H 300 


Hit 


7186 


9123 


11310 


















», 350 


ue» 


e7u 


8529 


10603 


















M 400 


4883 


3343 


8054 


10009 


















H 450 


4813 


•O08 


7626 


9472 


11581 


13932 


16567 


19452 


22641 


26083 


29841 


33929 


H 500 


4380 


3714 


7246 


9019 


11017 


13239 


15728 


18497 


21506 


24811 


28424 


32358 


H 550 


4183 


3458 


6937 


8624 


10552 


12700 


15109 


17744 


20655 


23856 


27290 


31023 


H 600 


4WQW 


3343 


6652 


8284 


10121 


12200 


14535 


17090 


19861 


22902 


26226 


29845 


H 650 


S88ft 1 


6046 


6415 


7973 


9756 


11738 


13961 


16437 


19123 


22075 


25305 


28746 


., 700 


ST3T 


4869 


6177 


7691 


9424 


11353 


13475 


15834 


18442 


21312 


24454 


27803 


H 750 


3884 


4693 


5963 


7436 


9092 


10968 


13033 


15331 


17875 


20612 


23604 


26861 


*, 800 


3483 4ft38 


5773 


7210 


8827 


10622 


12635 


14878 


17307 


19976 


22895 


25997 


*, 850 


3388 4418 


5607 


6984 


8561 


10314 


12282 


14426 


16796 


19403 


22257 


25290 


., 900 


3333 4300 


5464 


6786 


8329 


10045 


11928 


14024 


16342 


18894 


21619 


24583 


H 950 


3313 4183 


5322 


6616 


8097 


9775 


11619 


13672 


15945 


18385 


21052 


23955 


„1000 


38»4 3886 


5060 


6305 


7698 


9275 


11045 


13019 


15208 


17558 


20060 


22777 


„1100 


3310 3790 


4823 


6022 


7367 


8890 


10603 


12466 


14527 


16795 


19209 


21834 


..1200 


3T8S 3433 


4633 


5768 


7068 


8544 


10161 


11963 


13903 


16095 


18429 


20970 


.,1300 


3873 3496 


4443 


5642 


6803 


8197 


9764 


11511 


13392 


15459 
14950 


17720 


20185 


h1400 


3873 3377 


4300 


5344 


6537 


7890 


9410 


11109 


12938 


17083 


19478 


h1500 


3437 1 3259 


4158 


5174 


6338 


7659 


9101 


10706 


12484 


14441 


16515 


18771 


..1600 


3417 


3161 


4015 


5004 


6139 


7428 


8836 


10355 


12087 


13996 


16019 


18221 


..1700 


3338 


3063 


3896 


4863 


5973 


7197 


8571 


10053 


11746 


13550 


15523 


17671 


..1800 


3374 


2965 


3777 


4722 


5774 


6966 


8306 


9751 


11406 


13169 


15098 


17200 


..1900 


3311 


2886 


3682 


4580 


5608 


6773 


8085 


9500 


11065 


12787 


14673 


16729 


..2000 


3147 


2808 


1 3587 


4467 


5475 


6619 


7864 


9249 


10782 


12469 


14318 


16336 


n2100 


3888 S749 


1 3492 


4354 


5342 


6466 


7687 


9048 


10554 


12214 


14035 


15944 


.,2200 


3863 3470 


> 3397 


4241 


5210 


6312 


7510 


8H47 


10328 


11896 


13680 


15551 


m2300 


3004 2411 


! 3326 


4156 


5110 


6158 


7334 


8646 


10101 


11642 


13326 


15158 


,.2400 


1M6 ! 2553 


' 3255 


4071 


4977 


6004 


7157 


, 8444 


9874 


11377 


13042 


14844 


..2500 


1808 ; 2513 


! 3207 


3987 


4878 


5888 


7024 


8294 


9647 


11133 


12759 


14530 


h2600 




1877 


2454 


3136 


3902 


4778 


5773 


6892 


8093 
7942'^ 


9420 


10878 


12475 


14216 


.. 2700 






2415 


3066 


3817 


4679 


5657 


6759 


9249 


10688 


12263 


13980 


.,2800 






2356 


2994 


3732 


4579 


5542 


6627 


7791 


9079 


10497 


12050 


13744 


.,2900 






2317 


2946 


3676 


4513 


5465 


6538 


7691 


8966 


10370 


11908 


13509 


,,3000 








2898 


3619 


4447 


5349 


6406 


7540 


8795 


10179 > 


11696 


13273 


h3100 








2851 


3563 


4380 


5272 


6273 


7389 


8625 


9988 


1H83 


1.3038 


..3200 








2803 


3506 


4314 


5195 


6185 


7288 


8512 


9861 


11270 


128U2 


.,3300 


1 -• 






. 


3449 


4247 


5119 


6(97 


7188 


8398 


9733 


11128 


12645 


h3400 


1 
• • 




• 




3393 


4181 


5042 


6008 


7087 


8285 


9543 


10916 


17409 


,,3500 


1 .. 








3336 


4115 


4965 


5920 


6987 


8171 


9415 


10774 


1?252 


.,3600 


t " • 












4048 


4888 


5832 


6886 


8001 


9224 


10561 


12017 


m370O 


m • 












3982 


4811 


5743 


6786 


7888 


9097 


10420 


11860 


,,3800 
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COUBSE 07 SEWERS. 



COUESE OF SEWERS. 



Natoral and 

artificial 

drainage. 



Direction of 
Diain lines of 
•ewers. 



Sewers to be 
laid in straight 
lines. 



Use of man- 
holes and lamp- 
holes. 



Description of 
PUte No. 1. 



Description of 
Plate No. IX. 



Reasons for 
breaking up 
sewers in steps. 



When the natural drainage area of the district has^^ 
been defined, it will be well to ascertain what natore 
has done for the drainage, and also what has already 
been done by art in the way of accomplishing the ^ ' 
work of sewerage of the district. The main linos of 
sewers will generally take thb direction of the natnral 
drainage valleys. Such drainage valleys will also givf- 
the lines in which the storm-water overflows will havik 
to be constructed. The subsidiary sewers of the districCT 
are now usually laid in perfectly straight lines, having 
manholes at every point of lateral deviation ; and man** 
holes, lampholes, or ventilators at every vertical devia^-? 
tion or change of gradient. By constructing a system 
of sewers in straight lines, and with the introduction of 
numerous manholes and lampholes, the whole systedl^ -. 
is brought under perfect control, and can be examined ' 
at any time without having recourse to breaking open 
the ground ; and moreover any ordinary stoppage may 
be removed from the sewers with the aid of special 
tools applicable for the purpose, and which are appljM 
at the manholes. The general arrangement of tbit' 
sewers of a town will be seen from Plate I, which'.' 
represents the sanitary works of the town of Dantric, < 
in Prussia. From an examination of this plan, it irill [ 
be seen that all the branch sewers are for the most part 
laid in straight lines, with manholes at all lateral 
deviations ; the detail arrangement of the manholes of 
the minor sewers is shown in Plate IX. It will be ob- 
served from these detail arrangements, that in all cases 
which more than one sewer enters a manhole, the 



m 



sewer forming the principal outfall is constructed at a 
lower level than the sewers discharging into the man- 
hole. This arrangement is adopted for two reasons, 
one being to aid ventilation,* as will be hereafter referred 

* Vide page 248. 
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to, and the other being to assist in the discharge of the 
sewers. For example, take Fig. 8, Plate IK., and we find 
three sewers, B, D, and E, all meeting at about the same 
level, but the sewer A, which has to discharge the con- 
tents of the other sewers, is situated at a lower level in 
order to assist the discharge, and so every sewer is pro- 
vided with a free outfall. If this arrangement were not 
adopted we should find, at times, some inconvenience 
arise. For example, the general effect of a sudden 
enlargement in a sewer is to check the velocity. If 
the sewer D, Fig. 8, Plate IX., discharged into the sewer 
A, both sewers being of the same size, and having the 
same inclination, a loss of velocity would take place in 
passing the manhole C, and, therefore, if the sewer D at 
the time was running full bore, the sewage would head 
up in the manhole to such an extent as to make up for 
the head lost by the enlargement at the manhole, 
although in this case no evil would result. But sup- 
posing the sewers B and E enter the sewer at the same 
level, and one sewer is larger than the other, unless the 
manhole is of great size, the discharge of the larger 
sewer will interfere with the discharge of the smaller 
sewer. The author has seen a case in which, in time 
of storm, the smaller sewer could not discharge its 
contents, and it therefore flooded the neighbouring 
cellars. In the following woodcut. Fig. 11, is shown 
the mode in which stoppages are removed from 
modem sewers. The sewer-man has suspended a Removal of 
lighted lamp in the lamphole L, and has descended aew«^ 
the manhole M, and with a series of tools attached to 
canes, similar to those used by chimney-sweepers, he is 
about to remove the stoppaga The man will be able to 
see when the sewer is clear, as between the manhole 
and lamphole the sewer is laid in a perfectly straight 
line, and so soon as the obstruction is removed, he will 
be able to see the light suspended at the lamphole. 
The tools used for the removal of stoppages are shown Tools used in 
in Plate XXL, they speak for themselves. In addition J2^2^.^o 
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to these toda, othen are not unfreqaently tised ; as, for 
Stmr ploogiii. example, speciaUy-constructed ploughs have been used 




in large sewo?, which aie either drawn throagh the 
sewet by hand, or are propelled forward by the sewage 
being headed up behind them. A stout rope forms a 
Tery excellent tool for the removal of stoppage from 
small sewers or honse-drains. The main lines of sewers 
are not necessarily laid in perfectly straight lines, but 
corves are introduced in their coarse ; the resistance of 
these carves to the flow of the senage diminishes in 
proportion to the smollness of the angle of divergence 
from straight lines, and with the greater radius of 
curvature. From tfae following formula the friction of 
bends may be arrived at. 

A = hettd of wftter Tieeemuj to OTeioome ihe kognlu friotim. 
B =: Telocity in feet per aeoond. 
a = angle In degrees. Fie. 12. 

r = ladioi of pipe, 
b = radiuB of tiiB bend. 
2ff = 64-38. 



As 
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The coefficient c is found by the formula — 

0= -131 X 1-847 (I)*- 
For, 
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When bends are used it is usual to give the sewers a 
little extra &11 in the bend to compensate for the in- 
creased friction. 

By the arrangement adopted of allowing the sewers Alternate imei 
all to join in manholes, it not unfrequently happens for'dls^lrge. 
that if one line of sewer is blocked, another line may be 
used for the discharge. For example, in Plate IX., Fig. 7, 
we have the representation of a manhole in which three 
sewers run out, and only one runs into it If any one of 
those three sewers were stopped, either of the other 
two would still furnish an outfall for the district above 
the manhole. By such an arrangement as this the 
area injuriously affected by a stoppage is reduced to a 
minimum. 

Much difference of opinion has been expressed as B^^k dndnage. 
to the course in which sewers should be laid. The 
officers of the late General Board of Health insisted 
that back drainage was the proper plan to adopt ; other 
authorities, equiJly eminent, have considered that less 
interference is caused with property, by constructing the 
public sewers in the public streets. The following wood- 
cuts show the different systems. Fig. 13 is a represent€t- 
tion of the plan of draining to the street, and Fig. 14 
shows the same block of buildings draining to the back. 
The author in the course of his experience has found Eoonomical oon« 
that^ as a rule, it is more economical to the local autho- ^" ^^°^ 
rities, and far safer, to place the public sewers in the 
public thoroughfares than in private land at the back 
of houses. The modem system of sewers laid out in 
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etraiglit lines, with manholes for inspection, so as to place 
the ayBtem of sewerage completely under control, is not 
applicable to back drainage, as manholes cannot be 
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inserted on private property at the back of houses 
without serious inconyenience and encroachment on the 
rights and privil^es of private citizens. To carry 
sewers through private property not unfrequently leads 
to much ill-feeling being manifested against the local 



GOtmSE OF SEWEBS. 93 

anthoritieSy and, also, often entails great hardship. upon 
the owners or occapiers of the premises. Moreover, a 
local authority has no power to construct sewers 
through private grounds, except by purchasing the 
right of easement, which in many cases has become a 
serious item of expense. The objection raised against ObjectioM 
the drainage to the street has arisen from having to tfAeBtree^"^ 
carry house drains through or under the houses. This 
is an objection when house drains are imperfectly con- 
structed, and would equally apply to back drainage, for 
unless we have sewers both at the front and back of the 
house, many houses would require the drains to be 
laid under them. To guard against the evils arising Regalations in 
from accidents to house drains, the local authorities in 
new districts have power to introduce such building 
r^ulations so as to retain certain spaces about build- 
ings to be erected, and where these spaces exist at the 
sides of the buildings the drainage can be brought 
from the back without traversing the house. In other 
cases an arrangement of passages may be left at the 
back of houses, in which the sewers can be constructed, 
so that the advantages of back drainage may be secured 
without the drawback of having the sewers constructed 
on property which it is not easy to get at. With per- 
fectly constructed and well ventilated house drains, the 
evils of carrying them through or under houses are 
more imaginary than real, therefore the plea of per- 
fecting the house drainage is no valid reason for the 
invasion of private property. There are many cases Sewew earned 
where it is necessary to carry public sewers through propertj. 
private property, but such cases should form the ex- 
ception, and not the rule. In considering a system of OatfeiL 
sewers in reference to the general outfall, it will some- 
times be found that it may be advisable to deviate from 
the lines of natural drainage of the district, and in 
order to secure a good outfall hills may be tunnelled, 
or valleys crossed with aqueducts or syphons. In Natural "treams 

• . , o 1 / 1 . should not be 

carrying out a system of sewers, the natural streams converted into 
should not be covered over and converted into sewers, ■•^®"* 
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bnt such streams should be conveyed through the dis- 
trict^ and be protected against pollution from sewage. 
These natural channels may often be improved so as 
to expedite the discharge of the surface water of the 
district. 



INTEBCEPTING SEWEES. 

The engineer who is charged with the design of 
works of sewerage should pay particular attention to 
Finftnciai sac- the principle of interception. It may often happen 
^Jj^j^J^ ^ that the financial success of a scheme for disposing of 
■ewer. the sewage of a district will depend upon the con- 

struction of proper intercepting sewers, that is, certain 
portions of the sewage should be intercepted in the 
higher portions of the district^ and not allowed to 
gravitate down to the lowest level, and so the sewage 
of a considerable portion of such district may often 
be conveyed by direct gravitation to a suitable out- 
fall, leaving only the sewage of the lowest zones to 
be dealt with by artificial power. Not unfrequently 
the intercepting sewer will form the only outfall of 
the district, as the sewage of the lower district may 
District! in be pumped into it. In districts in which there is 
«p!^ii^£uid ^^^ * small longitudinal fall, and comparatively great 
be ourried oat. lateral falls, the work of interception will form an 

essential feature in the scheme of sewerage. In large 

towns the work of interception may be carried out with 

advantage, and thereby often reduce the cost of the 

SeriDg effected system of sowcrage, 6is when this principle is fully 

bf interception. ^»^j^gj q^^;^ q^ large town is divided by intercepting 

sewers into a number of smaller areas, and as it is well 
known that it is much cheaper, proportionately to the 
population and area, to drain a small town than a 
large one, so a large town divided into districts by 
intercepting sewers can often be drained more effec- 
tually and cheaply than if all the sewers were allowed 
to flow to one common level. In fact, a branch sewer 
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may be compared to a cone, the base of which rests 
in the lowest portion of the district, and the apex 
terminates in the highest. A system of intercept- 
ing sewers wonld cnt this cone, and the saving in 
cost would be repre- 
sented by Uie difference ^^- ^^• 
in cost of constructing 
that portion of the 
branch sewer repre- 
sented by the fustrum 
of the cone A, (Fig. 15) 
below the intercepting 
sewer, and the con- 
struction of another smaller cone B, the apex of which 
would commence at the intercepting sewer, and the 
base rest at the lowest level of the district, due allow- 
ance of course being made for any extra sewer that may 
be required in carrying out the principle of interception. 
In large districts the principle of interception forms an Large districu. 
essential element of safety : by dividing the drainage 
area into smaller districts the volume of sewage or rain- 
fieJl is brought more under control than in districts 
where the volume of sewage is large, and is allowed to 
fidl down to the lowest level of the district. In searcoast Sea^coast towns. 
towns the principle of interception is also of great 
importance. The low-level sewers in such districts are 
often tide-locked ; therefore it is of manifest advantage 
to intercept the sewage of the higher portions of the 
district, and to lead it away, together with the rainfall, 
by a district outfall, so as not to interfere with the tide- 
locked sewers of the district The principle of intercept 
tion is well understood in the great drainage works that Fen districts an 
have been carried out in the fen districts of this country. •^P**- 
These large areas are entirely surrounded by intercept- 
ing drains, which catch the rainfall of the higher districts, 
and lead it off by gravitation to the natural streams, 
leaving only the rain falling on the low lands to be 
dealt with by artificial means. In many towns this 
principle of interception has formed a main feature in 
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the scheme of sewarage^ as in the case of London it had 
receired its foil derelopment. The author has seen 
many cases in whkh towns after being sewered have 
increased so rapidly in size and population that the 
<NriginaI sewers hare become too small, the consequence 
of which has been that the lower portions of the district 
ha^e been frequently inundated. By the introduction 
into these orergrown towns of a system of intercepting 
sewers, cutting the sewers already constructed, the-sew- 
age of the upper portion of the district may often be 
harmlessly conyeyed away, learing the sewers of the 
lower district amj^ in size to deal with the volume of 
sewage which is locally due to them, and so, at a com- 
paratirely small cost, the efficiency of the original 
sewerage works may be restored. 



SECTIONAL FOBM OF SEWEES. 



A great variety of shapes for sewers has been adopted 
by various authorities at different periods. The adop- 
u!^^/^ ^ ^^^ ^^ * correct sectional form for the sewers of a dis- 
trict is a matter of primary importance, and when the 
object to be fulfilled by sewers is fully and scientifically 
considered, the correct shape to be adopted under 
varying circumstances may be easily arrived at In 
Prindplef on practice sewers should be constructed of such a form as 
•hooid be con- to couvey away, with a maximum velocity, both the 
•^™^**'- minimum and maximum flows, and they should also be 

constructed so as to ensure their stability without an 
Eitenwl forces unnecessary expenditure of material. The external 
•ewer. ^ * forces acting upon a sewer are, the weight of the earth 

over the sewer acting in a perpendicular direction, and 
the weight of the earth pressing horizontally on the 
sides, the amount of the horizontal pressure depending 
on the angle of repose of the earth. The circular form 
is no doubt the strongest for all purposes of construction, 
because any pressure applied at any particular point is 
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distributed thronghoat the whole structure. Theoreti- 
cally, as the pressure is greatest yertically, and least 
horizontally, an elliptically-shaped sewer would best 
resist. .Ibe forces at work tending to crush it. In the 
consfcmetaon of sewers, the external pressure the sewer 
has to bear is but one, and not the primary, element 
that has to be considered, for it has already been noted * 
that a certain minimum velocity is required in all sewers 
that are to be self-cleansing; and when considering the 
question of the flow through the sewer, the less the area 
of the wetted perimeter, in proportion to the sectional 
area, by so much will the velocity of flow be increased. 
It is therefore advisable to adopt, for sewers having an Sewers with 
intermittent flow, such a sectional form as to ensure the aowT* 
greatest velocity, when the smallest volume is flowing 
through them, and for this reason all sewers that are 
subject to constant fluctuation in the flow, the egg- 
shaped form will be found to be the best. In sewers in Sewere with 
which the amount of sewage to be conveyed is great, ^^ °"" 
and pretty uniform, the circular form answers best, 
as it is cheaper and stronger when constructed. In 
Plate II. are shown a number of sewers of various sec- Description of 

Plate U. 

tions that have from time to time been used. Fig. 1 
represents the form generally adopted by the Romans; ^^^^ wwer. 
it is constructed with a flat invert, straight sides, and 
with a semicircular arch. Fig. 2 is an improvemenfl bh 
the Roman type. This form was introduced into Eng- ^^f^*!^ ^^^ 
land, by special ordinance, in the reign of Charles II. 
In this case the invert is slightly curved, the sides 
being straight, and the arch semicircular. Fig. 3 shows ^P^o^^^ 
tL still further improvement on Fig. 2, the invert in this 
case being made semicircular, like the arch. Fig. 4 is a 
still further improvement, adopted in some of the 
London sewers, in which the curved invert is reduced 
to a smaller circle than that of the arch. Fig. 5 is 
a still further improvement, in which the invert, sides, 
and arch are curved. This form has been used in West- 
minster, Lambeth, and Finsbury. Fig. 6 represents a 
form of sewer similar to that of Fig. 5, except that the 

H 
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iewer is inverted, the larger circle forming the invert, 
and the smaller the arch. This form was once used in 
Westminster, but with no very great success. Fig. 7 
represents an egg-shaped sewer constructed in stone- 
work, as used in Edinburgh. Fig. 8 represents an 
elliptical sewer, as used at Westminster. Fig. 9 repre- 
sents an oval sewer, as used by Mr. J. Phillips in West- 
minster. The mode of striking out this sewer is shown 
in Fig. 17, page 101. Fig. 10 represents a form which 
was generally used when constructing large sewers in 
the early London sewerage works. This form of sewer 
was found to be very liable to stoppage, being generally 
constructed of a size totally out of all proportion to the 
wants of the district which it was intended to drain, 
consequently sedimentary deposit collected in the 
angles, which greatly retarded the velocity. Fig. 11 
represents an oval sewer, used in the London districts, 
which is a great improvement on that of Fig. 10. Fig. 12 
is a similar sewer to that of Fig. 10, the only difference 
being the mode in which the jsewer was built up. Fig. 10 
as a work of construction being preferable to that of 
Fig. 12, but both are inapplicable in the construction 
of ordinary town sewers. Fig. 1, Plate TIL, represents 
the section of a modem egg-shaped sewer built entirely 
of brickwork : it is a correct representation of the out- 
Ml sewer constructed by the author at Bedhill. Fig. 2 
is a representation of the outfall sewer constructed by 
Beigate tewer. the author at Beigate, The section is taken at the 
point where the sewer passes under Park Hill, in tun- 
nel. Fig. 3 is a representation of the outfall sewer of 
Beigate, at a point where it is carried in embankment. 
The two small sewers used in this case are equal in dis- 
charging capacity to the oval sewer Fig. 2. This form 
was adopted in order to reduce the height of the em- 
bankments, and arrangements are made at the ends of 
the double sewer, so that, when there is a small stream 
flowing through the sewers, it can be diverted entirely 
through one or other of the sewers. Fig. 4 represents 
a circular sewer executed in brickwork. Fig. 5 repre- 
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sents a section of a sewer as used at Soathampton, with Soathampton 
a flat invert; for the conveyance of small volumes of ^^^' 
sewage this form of sewer cannot bear comparison with 
the ordinary egg-shaped sewer. Probably the shape was 
adopted for the convenience of cleansing, as the flat in- 
vert formed a better footway for the men traversing the 
sewer than the sharp carves of the invert of the ordi- 
nary oval sewer. Fig. 6 represents the section of an ^*ii»pe 
earthenware-pipe sewer used a few years ago. This 
form is not now generally used, as it is found that there 
is some difficulty in making the pipes of true section, 
and consequently when laid they form an imperfect 
sewer. Fig, 7 represents the section at a junction of 
two oval sewers, showing the way in which the sewers 
are joined. Fig. 8 represents a plan and section show- 
ing the junction of three sewers, and the way in which 
these communications are usually formed. Fig. 9 re- 
presents a section of a Paris sewer, the sewer proper ^^^ «^^''- 
occupying the small space shown below the truck. On 
each side of the sewer rails are fixed, upon which a 
truck, carrying a disc, fitting into the sewer, is made to 
travel, the sewage heading up at the back of the disc 
propels the apparatus forward. When the sediment 
increases in front of the disc to such an extent as to 
impede its progress, the truck is drawn forward, and 
the solid matter is taken from before the disc, and 
thrown into the truck. It should be observed that 
round the edge of this disc are numbers of small holes, 
and as the water heads up behind the disc it is dis- 
charged with a certain velocity, through the holes, 
and so washes away the sediment immediately in 
front of the disc, and thus somewhat accelerates the 
progress of the app^uratus. The gas and water pipes, 
were inserted in the subway of the sewer as shown, 
fixed upon brackets, but it has been found by ex- 
perience that the introduction of gas-pipes into these 
combined subways and sewers is attended with some 
inconvenience and danger, and of late they have 
been removed. In order to obviate the difficulties 

H 2 
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which had arisen from the insertion of gas mains into 
sewer subways, M. Yerslays, in a drainage project for 
Brossels, proposed to introduce another form of sewer 
and subway, which is shown in Fig. 10, the water-pipes 
in this case being arranged on brackets on one side of 
the sewer, the gas-pipes being laid in a long series of 
troughs of water on the other side, the idea being that 
the gas-pipes being laid in water of greater depth than 
the pressure within the pipe, would check the tendency 
of the gas to escape ; but this suggestion has not at 
present been acted upon, and the plan remains untried* 
In studying the best form of sewer, Figs. 11, 12, and 
13 show at once the advantages of the oval over 
other forms given in these figures. It will be seen from 
these figures that with the oval sewer a greater depth 
of sewage, with a less surface, is maintained, than in 
any other form ; therefore, in all cases in which the 
volume of sewage is liable to fluctuation, the oval or 
egg-shaped form should invariably be adopted. Fig. 14 
represents an earthenware pipe sewer constructed in 
tunnel. The following woodcut. Fig. 16,* shows the 

Fio. 16. 
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mode adopted in striking out modem egg-shaped sewers. 
In some cases it may be desirable to adopt the egg- 

♦ The proportions of thiB sewer are given in the description of Table 
No. 12, page 54. 
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shape, but with dimensions differing from the above 

proportion, as, for example, when carrying a sewer in 

an embankment, or when the shaUowness of the cutting 

will not permit of the full vertical depth being given to 

the sewer, in which case the proportion of egg-shaped 

sewen, having smaller vertical dimensions than one and 

a half times the transverse diameter, may be found by 

the following formula, which was described in a paper Formula for. 

by Mr. S. A. Eeade, M.A., read before the Society of °^** '"'''"• 

Engineers. 

(l)R = j(^ + r + r.). 

(2) A = j^ { fl (R« - r,«) + 90 (r« + r,«) } - d (R - r). 

(3) = ^ { a(R - r,) + 90(r + r,) } . 

B bemg the radius of the dde ; 

r of the arch ; 

r, of the invert ; 

d the distance between the centres of the circles, or eqnal the depth 

minus r -ig^r^'^ 

A is the area ; 

G the drcnmference ; 

a the angle which is subtended by the arc forming the sides, and 

may be found from its sine or tan. ; for 

d d 

sine a = =r , tan. a = =r \ 

ri^ r^ B — r 

ir = 314159. 

Other modes have been cwiopted for setting out oval 
sewers; for example, Fig. 17 represents the mode 

Fig. 17. 



102 



SECmONAL FOBM OF SKWEBS. 



adopted by Mr. Phillips in the oonstniction of oval 
sewers. In this case AB = If CD; AE = CD; AF 
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Fig. 1& 




= JofCD; GB = Jof 
CD; CH = JofCD; 
and IE is paraUel to 
LM. Fig. 18 shows 
another mode of setting 
ont the section of oval 
^ sewers; this form of sewer 
was designed by Mr. T. 
Hawksley, CJEj. It is some- 
what easier of constmctiony 
but is not such a perfect 
carrier for sewage^ when 
the quantity is reduced 
to a comparatively small 
volume, as the sewer described in Fig. 16. In this case 
D E = C D. Mr. Hawhsley gives the following parti- 
culftrs respecting this fonn of sewer : as compared with 
a circular sewer of the same diameter the area is *'as 
996 to 785 = 1-27 to 1; therefore when the areas 
are equal the diameters will be as 8 to 9 nearly/' and 
from hence he lays down the following rules. 1. Find 
^ the diameter of the circular sewer capable of affording 
the requisite amount of drainage, deduct its ninth part, 
the remainder is the horizontal diameter of the equiva- 
lent oval sewer." 2. " Add one-eighth to the diameter 
of an oval sewer, the sum is the diameter of the equi- 
valent circular sewer; the discharge, declivity, and 
drainage area," will be the same as for the circular 
sewer so found. 

For all ordinary purposes it is found in practice that 
sewers up to 18 inches internal diameter are best con- 
structed in earthenware, and circular in section. This 
form of pipe is less liable to be distorted in the process 
of manufacture than oval sewer«, and, moreover, any 
little irregularity in section can be modified, from the 
fact that the circular pipes may be turned round, and 
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if they do not fit and make a good joint one way, they 
may often be made to lie trae on the invert by a little 
manipulation. Irregularly-shaped pipes should not be 
allowed to be used for sewers, but if, from mischance, 
they do get into the work, the evil is less in circular- 
pipe than in oval-pipe sewers, as the ill effects may 
be modified, and moreover the percentage of distorted 
pipes is far less for circular than for oval pipes, so 
that there is less chance of their being used in the 
work. In sewers of larger diameter than 18 inches it Role for seo- 
should be the rule, that when there is sufficient sewage j™ sews? 
to maintain the sewer constantly running half full, and 
when the same sewer flows nearly full, it will be sufficient 
in size to carry off the maximum flow required, then the 
sewer should be made circular in section, as this is both 
tHe cheapest and strongest form of sewer. In all other 
cases, or when the fluctuation of the flow varies vdthin 
greater limits than stated for circular sewers, the section 
should be eggnshaped, excepting only the case of very 
small sewers, which may be circular. 



MATEBIALS EMPLOYED IN THE CONSTEUC- 
TION OF SEWERS AND THEIB MODE OP 
APPLICATION. 



■o» 



The materials that have fix>m time to time been used EHflerent kinds 
in the construction of sewers, are bricks of all kinds, 
tiles, stone, stoneware, artificial stone, asphalte, cement, 
concrete, iron, and timber. Experience has demonstrated 
that, in order to secure the permanency and durability 
of sewer work, great care is required in the selection of 
a proper material, and that the best materials procurable 
are the cheapest in the end. The inverts of sewers are Wear of wwer 
particularly liable to wear from the erosion of the water, "*^ 
and from the grinding action of the sand and solid 
matter transported over them. There are few brick 
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sewers in London of greater age than fifty years which 
have not been underpinned, and provided with new 
inverts, and otherwise extensively repaired, on account 
of the destruction which has taken place from the above- 
named causes. In selecting materials for the construc- 
tion of sewers, great care should be used in order to 
secure those which will be least liable to be affected, 
either by the chemical qualities of the sewage, the 
gases found in sewers, or by the mechanical action of 
the flowing stream, or the materials transported over 
its bed. 

Small sewers and house drains are now usually 
constructed of glazed stoneware or fire-clay pipes. It 
is not yet a quarter of a century since pipes of this 
description were first used as sewers, but in that limited 
space of time vast numbers have been manufactured, 
until the trade has become of such importance that it 
may be looked upon as one of the principal industries 
of the country. In the early days of the manufacture 
of sewer pipes, when little was kno\iii either as to the 
strength or durability of the material, or of its mode of 
application, failures resulted from the injudicious haste 
with which they were used, in large quantities, without 
any test being applied as to their ability to withstand 
the strains to which they would be subjected. As a 
rule, all the early sewer pipes were mcule too thin to 
withstand the pressure of the earth in deep cuttings 
and were very unequally and very insufficiently burnt, 
^'aijure of pipes As an example, the case of Croydon may be taken, 
which was the first town that extensively adopted the 
pipe system. In this town 15-inch earthenware pipes 
were laid in cuttings over 20 feet deep, and as they 
were not over well burnt, and had but a thickness of 
f ths of an inch, or almost the thickness of a modem- 
6-inch pipe, no wonder that, as soon as the pressure of 
the earth was brought to bear on them, the sewer 
collapsed, and in order to save the jwrtions not filled in 
it became necessary to throw a brick arch over the 
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pipes to take the strain. At the present time pipes both stoneware and 
of stoneware and fire-day are extensively and satisfac- ^ J?v^ 
torily used. Fire-clay pipes are not generally con- 
sidered, thickness for thickness, as strong as stoDcware 
pipea There are many other descriptions of sewer 
pipes now in general use, which alternate between tliese 
two, and it will always be a point for the engineer to 
consider under what class or description his pipes shall 
be classified. 

At the present time stoneware and fire-clay pipes are 
made of the dimensions and thickness given in Table 25. 



Tablb No. 25. 
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Dimensions of 
sewer pipes. 



In the course of his experience, the author has found, infofficioncy of 
in some cases, that the thickness given in the above 
Table for fire-clay pipes is not sufficient. In one case 
especially which came under his notice, a sewer 18 in. 
internal diameter, constructed of fire-clay pipes, having 
a thickness of 1^ in., was laid in a cutting about 16 ft. 
deep, and filled in, in wet weather, with clay of a very 
unstable character, when it was found that so soon 
as the pipes had become thoroughly saturated with 
moisture, and had taken the pressure of the superin- 
cumbent earth, they altered in shape, and the vertical 
diameter, being no longer 18 in., was reduced to 15 in., 
when in order to prevent a collapse of the sewer, the 
whole of the pipes were removed, and a brick sewer 
substituted. It was found in a few days after the 
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pipei. 



Porous pipes 



remoTal of these pipes^ that they had retnmed to their 
drcolar shape, and were sabseqnently used in a 
shallower catting. From this it will be seen that great 
Care must be caro and caution is required in the selection of the 
•Acting p^pes. P^P^ to be nsod in works of sewerage when executed in 
deep cuttings and in unstable ground. The best 
Qittiitj of good quality of pipes for sewers are those made of a vitreous 
imperishable material of sufficient strength to resist 
fracture, having toughness enough to resist shocks, being 
tenacious, hard, homogeneous, impervious in diancter, 
uniform in thickness, true in sectioii, and perfectly 
straight, uniformly glassed boih inside and outside, free 
from fire or other cncks, and when struck should ring 
dearly. Porous substances are not so good as those 
that are vitreous throughout, and pipes burned at a low 
temperature are not so good as those that have been 
subjected to a higher temperature. Pipes that are salt 
glazed are more durable, and preferable to those lead or 
glass glazed. The impermeability of a pipe may be 
taken as an element of its durability and fitness for 
sewer work, as the more impervious a pipe is the better 
will it prevent the entrance into the interstices of the 
material of those agents which are likely to exercise a 
destructive influence upon it — such as, for example, the 
crystallization of water in time of frost, or the forma- 
tion of crystals in the presence of certain chemical com- 
pounds, or the direct chemical action of some materials 
found in sewers on the material itself, and which will 
sooner. or later effectually destroy the pipe. Pipes are 
tested for impermeability by first drying the pipe till it 
ceases to lose weight, and then submerging it in water, 
allowing it to remain at least 24 hours under water, 
then removing it from the water, wiping dry, and re- 
weighing. Table No. 26 shows the results of some 
experiments made by the author on sewer pipes. 
Test of sewer ^ ^ tost of sewer pipos to resist the action of certain 
chemical action, chemicals which in some towns are allowed to enter 

the sewer, the method adopted is to take a piece of the 
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pipe and pulverize it, then to boil it in hydrochloric 
acid, gabsequently to wash on a filter, and dry, noting 
the loss in weight. Dr. W. A. Miller showed some years 
ago that stoneware pipes could be boiled in muriatic 
acid without suffering loss in weight — ^hence the repute 
in which utensils of this description are held by the 
manufacturers of chemicals. The impermeability of a ^bUity"^' 
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pipe may be tested by tying a piece of bladder, or other 
suitable substance, over one end of the pipe, then re- 
versing it and filling it with water. If the material is 
not perfectly impervious it will soon be detected by the 
sweating of the pipe, as it is termed, or the appearance 
of water oozing on the outside, together with the loss of 
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water from the interior of the pipe, which will require 
to be replenished if the pipe is very permeable. The 
Teittilestrefig^th tenacity of the material of which sewer pipes are manu- 
factured is a quality that varies immensely, even in 
pipes manufactured at the same time and place. There 
are so many circumstances which arise during the 
process of manufacture that may alter the character 
of the finished article, that pipes of this description, 
when required to resist tensile strain such as would 
arise when they are working under pressure, cannot be 
recommended for use ; therefore in all cases when con- 
siderable pressure may have to be sustained it is better 
to use iron. From Table No. 27, which gives the 

Table No. 27. — Sbowisg the Bubstikg Pbessube and Tenbh^ 

Stbain of Eabthenwakb Pipes. 
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results of experiment* by the author, it will be seen 
that the tenacity of material varies bom 21 • 4 lbs. per 
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square inch to 429 ' 5 lbs. per square inch of section^ a 
range sufficiently great to show its uncertainty and 
variableness. 

With regard to the quality of the material used in strength to 

.1 p A. p • X • X • resist percus- 

the manuMicture of sewer pipes to resist percussive gjon. 
action, such as, for instance, they have often to bear 
when earth is carelessly thrown into a trench, or the 
trench is rammed when there is but a thin layer of 
earth over the pipe, or the pipes are subjected to the 
jar of heavy traffic. It has been found that for all 
practical purposes, when the work of refilling the sewer 
trenches is carefully performed, the material in general 
use for constructing sewer pipes has sufficient toughness 
to resist these strains. In May, 1856, some experiments 
were made with sewer pipes at the works of Messrs. 
Burton and Waller, of Southwark, to ascertain their 
capability to resist shocks. For this purpose a cast- 
iron ball 14 lbs. in weight was allowed to fall on the 
pipe from the heights of 4, 5, 6, and 7 inches ; the per- Percussive 
cussive action being equal to the velocity multiplied by 
the weight may be taken as follows: — 

4 inch fall = 64*65 

5 „ =72-47 

6 „ = 79-38 

7 „ = 85-74. 

Table No. 28 shows the results of the experiments. Crashing of 

Pipes when laid, and acting as a sewer, are always ^^^^^ 
more or less exposed to the crushing action of the 
superincumbent earth, therefore they must be made of 
sufficient thickness to resist the pressure likely to be 
brought upon them. Sewer pipes of the thickness 
given in Table 25 are sufficiently strong for all prac- 
tical purposes, but when laid in deep cuttings in 
treacherous earth the thickness should be slightly 
increased. Experiments have been mcule in order to 
ascertain the amount of force required to crush pipes 
of various kinds. Table 29 has been compiled from 
experiments made before Mr. J. W. Bazalgette, G.E., 
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in 1855, aod before Mr. William Haywood, C.K, in 
1856. For the porpose of experiment each pipe was 
placed on two flat pieces of hard wood, and a piece of 
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hard wood was laid on the top of the pipes, the weight 
being applied by means of a lever, as shown in Fig. 19. 
In some of the experiments a packing of felt was 
placed lonnd the pipe. From an examination of the 
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Table it will be seen that the material has a pretty Table 29. 
unifonn character for resisting crushing strains, there- gewer Pipe*, 
fore can be depended npon when placed in positions 
liable to such strain. 



Tablb No. 29.— Expebivents on the Cbushiko of Eabthekware Sewer 
Pipes, conducted at the Wobks of Messrs. Bubton and Walleb, Holland 
Street, Black friars. 
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The pipes most generally used in the formation of 
sewers are ordinary socketed pipes, and when laid in 





the sewer the spigot end of one pipe is inserted in the 
socket of another. The spigot end of the pipe should 
he laid down hill. In the use of socket pipes care 
should be taken to ascertain that the socket has been 
made with, and forms a component part of, the pipe. 
In some cases manufacturers are in the habit of 
making a distinct pipe, and afterwards working the 
socket npon it. The coDscquence is that, not nnfre- 
quently, the socketfi of pipes so made fail in the 
work, as such pipes are more &agile than pipes made 
i^ P'P" in one piece. In the laying of sewer pipes it is essen- 
tial that they should be laid with a perfecUy true line 
of fall from point to point of the sewer, and that each 
pipe has an uniform bearing throughout its entire 
length. For this latter purpose a recess should be cut 
in the floor of every pipe-sewer trench in order to 
receive the socket, or otherwise each pipe is merely 
supported from socket to socket. In the early sewer 
worfiutare works many failures were traced solely to this cause, 
'^' the pipes being laid with their sockets on the floors of 

the trench, the whole load of earth was supported by 
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the sockets and ends of the pipes, consequently they 
not onfrequently failed in the work. Oreat care is 
also required to be exercised in the jointing of pipes Jointing of 
when laid as sewers. The material most commonly ^'^^ 
used for jointing pipes is clay, which is well adapted 
under ordinary circumstances for the purpose of pre- 
venting the leakage of water from the interior of the 
pipe, or the water from the earth penetrating the 
pipe, provided the work is properly performed. In all 
sewer pipes the sockets are larger or smaller than 
the spigot end of the pipe. Where clay is used for Clay joints. 
jointing, a tool should be used for pressing the clay 
into the socket, and not merely to lay the clay outside 
the socket, as is done in many cases. After forcing 
the clay into the socket of the pipe, a fillet of clay 
should be worked round it to complete the joint. In 
cases in which much water is found in the sabsoil, or 
where quicksand makes its appearance, it is found 
necessary to use Portland cement, mixed in the pro- Cement joints. 
portion of one part of cement to one of sand, or some^ 
times two of sand to one of cement.* Whenever cement 
is used special care must be exercised to see that it 
does not get into the interior of the pipe. Every pipe 
should be jointed as it is laid, and no fresh pipe should 
be laid in position until it has been ascertained that no 
cement has passed through the joint of the previously 
laid pipe. The author has seen eases in which drains 
have been completely stopped, owing to the cement 
used in jointing having run into the pipes when laid. 
The best mode of jointing socket pipes, under all cir- Gaskin joints. 
cumstances, the author has found to consist in forcing 
into the socket of every pipe several strands of tarred 
gaskin, of sufficient diameter to fit the socket tightly. 
It should be forced into the socket by hand, with a 
proper caulking tool, and afterwards the joint may be 
made with clay or cement in the usual way. The 
advantages of this mode of jointing are obvious. In Preserration of 

* Aiiphalte Bhould be rued for jointing sewer pipes when carried of joint, 
under houses. 
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•and entering 
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Bothami* pipe. 



ordinary sewer pipes there is an annular space between 
the exterior of the spigot and the interior of the socket 
of the pipe. When this space is filled with material 
lil^e clay, and the pipes have not a solid bearing 
throughout their entire length, the weight of the earth 
on the pii)e, or the effect of men walking over the line 
of newly-laid pipes after they are jointed, causes the 
material to be squeezed out of the lower part of the 
socket, leaving an aperture at the upper part through 
which sand and water often enter the sewer, and more- 
over the r^ularity of the bed of the sewer is in this 
way often destroyed. Cement joints get cracked and 
broken in the same way, with the same result, but when 
tarred gaskin is used the annularity of the joint is 
maintained, and the material is sufficiently elastic to 
resile from the effects that destroy other joints ; conse- 
quently pipes laid and jointed in this manner are found 
to preserve the uniform and straight lines of fall with 
which they were laid, and which is an essential feature 
in every properly-constructed sewer. The tarred gaskin 
also proves a most effectual agent in preventing the 
entrance of sand into a sewer through the sockets of 
the pipes. 

In order to preserve the concentricity of the joint of 
pipes when laid, Mr. Bothams, the city surveyor of Salis- 

Fio. 2L 
Fio. 20. 





bury, has taken out a patent for an improvement on the 
ordinary socket-pipe, which is illustrated in Figs. 20, 21. 
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On the spigot end of each pipe projections are formed, 
as shown by the letter A in Fig. 20 ; and within the 
socket corresponding projections are shown, as at B in 
Fig. 21. The spigot end is inserted in the socket so 
that its projections lie within the projections in the 
socket, bnt on taming the pipe round, the projections 
of the spigot are brought into contact with the pro- 
jections of the socket, and so concentricity of the joint 
is preserved. When pipes are properly bedded through- importance of 
out their entire length, no precautions are required to beddin/pipw. 
preserve the concentricity of the joint, and if not so 
bedded, other causes of danger arise when the concen- 
tricity of the joint is maintained by artificial means, for 
if not properly bedded, every pipe becomes a girder 
supported at both ends, and the pipes are liable to 
failure from the efTect of the weight of the superin- 
cumbent earth, as was found, in some early sewer works, 
to be the case, when no recess was cut in the floor of a 
sewer-pipe trench for the reception of the socket, and 
when every pipe took its bearing from socket to socket. 

To remove an ordinary pipe from a line of sewer in Removal of 
order to insert a junction, it is necessary to uncover not ^wer."*™ * 
less than three pipes, and in large sewers a greater 
number, before a pipe can be raised out of the work. A 
pipe is usually removed by placing a lever beneath it 
and springing the line of pipes up, so that they assume 
an arched form. The pipe in this way is soon liberated 
from the work ; the junction or another pipe may then 
be inserted by the reverse operation. Care should be 
taken after piforming this Vork that the foundation 
below the line of pipes is properly restored, so as to pre- 
vent any settlement at the point where the sewer has 
been disturbed. In the construction of pipe-sewers a 
number of modifications in the detail of construction 
have been made by vsirious inventors. One of the first 
modifications in the form of pipes, as used in the con- 
struction of sewers, was to make the pipe with half a Haif-uccket 
socket, as is shown in Fig. 22, the object of this ar- ^**^ 

I 2 
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rangemeut being to fadlitato the removal of asy 
pipe when it became oeceBsary to insert a junction, or 
for other pnrpoeea. Pipes have also been made with 
half sockets on each end, so that when two pipes are 




laid together the two half sockets form a whole socket 
witli a joint in the centre of the socket. Pipes have 
also been made on the Boman type with butt jointci, 
having a loose collar over the joint, forming as it were 
a double socket joint. This form of joint is still nsed 
in cases where earthenware pipes are. used to convey 
water under slight pressure, and they are osually jointed 
with asphalte. Another form of sewer pipe is shown 
in Fig. 23. 



This form of pipe was introduced by Mr. George 
Jennings some years ago. In his description of these 
pipes he states that they are " plain at both ends, are 
laid in chairs similar to the metals of a railway, each 
pipe being kept 6, 9, or 12 inches apart, according to 
their diameter. The pipes being bedded in the chairs 
renders the disturbance of ground under the pipes to 
make the joints (as at present) unnecessary, and Uie top 
part of the chair (which for distinction is called a saddle- 
piece) being the last fixed, enables the workman and 
superintendent to see that the pipes are properly laid 
and fairly jointed. In case of stoppage the saddle is 
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easily remored withoat Id any way dietarbing the 
invert or general drain ; and the pipes being some dis- 
tance apart, the state of the drainage can be easily 
aacertained." Other forms of pipes have been used, sdoIl 
as capped pipes, or pipes in whicb holes are made in the 
barrel of the pipe, covered by a cap. Some makers 
make the opening in the centre of the pipe, others at 
one end, as is shown in Fig. 24; others again as in 
Figs. 25 and 26, which represent one of Donlton's oper- 
cular pipes, 

Fio. 24. 




■ ^g=^ 



The catting away of the barrel of every sewer pipe 
for the purpose of rendering it easy of inspection, or to 
&cilitate the work of inserting junctions, to a very great 
extent interferes with the strength of the pipe, which 
ander some circomstanceB may lead to their failure in 
the work. The objection to .the use of half-socket Objertioni to 
pipes, and all those arrangements in which there is a ^™ "" " 
joint about the centre of the pipe, is their liability to 
leak so soon as they begin to run more than half-full. 
Since the introdaction of the mode of laying sewers m 
straight lines on plan with manholes or lampholes at 
changes of inclination or direction, the necessity for the 
most part has ceased to exist, which brought oat all 
those forms of sewer pipe which were made with a 
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special view to facilitate the inspection of the sewers, 
but which, however good in themselyes, multiply the 
parts, and thereby complicate a work which should be 
of the simplest character. 

About the period when earthenware sewer pipes were 
beginning to be manufactured in this country, pipes 
were made of Portland cement, but the enormous trade 
done in the manufacture of stoneware and fire-clay 
pipes so cheapened their cost» that the manufacturers 
of cement pipes could not compete with their more for- 
tunate rivals. Pipes made of Portland cement in this 
country were of the same pattern as those used in the 
construction of pipes for land drainage, or with both 
butt and rebated jointa A good Portland cement pipe 
forms by no means a bad sewer, and it will be a matter 
for the consideration of the engineer to ascertain if, 
instead of large pipe sewers, concrete pipes cannot be 
produced more cheaply, and sufficiently good for the 
purpose. The author has seen cement pipes that had 
been in use for twenty years, and they were as sound at 
the end of that period as when first laid. Cement pipes 
of large size, with socket-joints, are now extensively 
used in Germany, and they withstand not only the 
effects of a severe climate, but the chemical action of the 
sewage, and are produced at considerably less cost than 
either a brick sewer or a pipe sewer of equal calibre. 
Moreover, they show an extraordinary endurance, and 
remain perfect after severe frost, when brickwork often 
fiEuls. It is a material that can be worked and moulded 
into any form, and maintains its form when made. It 
is also capable of repair, which is a point of no small 
importance. It is strong, as may be taken from the fact 
that pipes of this kind are extensively used under the 
embankments of the North Prussian railways. In a 
country like Germany, where good earthenware sewer 
pipes cannot be had unless imported, the use of con- 
crete pipes for large sewers has been extensively intro- 
duced. The cement pipes now used in Gormany are 
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made with sockets, and pipes of 12 inches and upwards 
in diameter are made in lengths of about 5 feet each. 
The thickness varies with the diameter; pipes of 15 
inches and 18 inches diameter, have a thickness of 
about 2 inches. These pipes improve materially by 
age, and at the end of a year or two they riug, when 
struck, with a clear metallic sound. It is necessary to 
exercise great care in the choice of a cement to be used Choice of 
m the formation of sewer pipes, as some cements are par- 
ticularly liable to fail from special causes, as will here- 
after be pointed out.* The cemeht pipe manufacturers 
of Germany fully understand this, and consequently, 
instead of using the native material, which is of inferior 
quality, import the best Portland cement from England. 

In the construction of earthenware pipe and other Trees to be 
sewers, where it is possible, trees should be avoided, as *^*** 
their roots will interfere with, and injure the action of, 
the B^wer. The rootlets of trees will extend to con- 
siderable depths in search of nutriment or moisture. 
The author has seen a case in which the fine rootlets of stopimge of 
a tree entered the joints of a 15-inch pipe sewer, and, ^^!^/ 
after gaining access to the interior, each of the rootlets 
developed to such an extent as to completely fill and 
choke the sewer. Where trees are unavoidable, the McMurestobe 
work should either be constructed in iron and jointed ^^ ** 
with lead, or some effectual provision must be made 
for excluding the roots. A mass of concrete of 
sufficient thickness placed round the sewer is as effec- 
tual a barrier to the roots of trees as can be arti- 
ficially formed.t Pipe sewers have also occasionally 
been jointed, when laid near trees, with clay mixed 
with corrosive sublimate, which is supposed to have the 
effect of deterring the entry of a living rootlet ; but in 
course of time the poisonous material may be washed 
out, or may otherwise lose its power, when the sewer is 
again open to the invasion of an insidious enemy. 

♦ Ff<foTable34. p. 137.^ 

t TLe joiniiDg of earthenware pipes vrith asphalte wiU probably 
prevent the entrance of the roots of trees. 
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The selection of bricks for the constrnction of sewers 
is a matter that requires a considerable degree of atten- 
tion at the hands of the engineer. The variableness of 
the quality of bricks throughout the country is only 
equalled by the diversity of kind which is to be found. 
For sewer works, specially sound bricks are required, 
as such bricks are subjected to a variety of forces, all 
tending to their destruction, — such as sudden changes of 
temperature, chemical and mechanical action, &c As a 
general rule, it may be taken for granted, that bricks of 
an extremely absorbent character are not well adapted 
for the construction of sewers. There are, however, ex- 
ceptions to this rule, in practice, for some very absorbent 
bricks are extensively used in the construction of sewers, 
such, for example, as gault bricks. All bricks which 
are not sufficiently burnt, of whatever description, 
should be cast aside as totally unfit for sewer work. 
Bricks used in sewers should have some degree of 
toughness, and considerable hardness. Perforated bricks 
are not well adapted for the construction of imper- 
meable sewers, on account of the difficulty of rendering 
the work water-tight. The best bricks for the construo- 
tion of sewers, more especially for those parts of the 
sewer liable to wear and tear from the erosion of the 
water, and the materials transported over the bed of 
the sewer, are the blue Staffordshire. Next in order of 
merit, some of the fire and terra-cotta bricks, and then 
follow gault bricks. In nearly all parts of the country 
bricks are found that are well suited for the construc- 
tion of some part of a sewer, but the bricks above 
enumerated are undoubtedly the best for inverts and 
other parts liable to special wear and tear. If there 
should arise any doubt as to the suitability of a brick 
for sewer work, it may be tested by first soaking it in 
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water and exposing it to frost ; or, should this mode be 
unavailable, then weigh the brick and steep it for a 
week in a strong solution of sulphuric acid, weighing it 
after the test when dry. Another test, equally appli- 
cable to brick, stone, mortar, &c., is given in the 
^Annales de Chimie et de Physique,' vol. 38, and is 
as follows: — "Prepare a cold saturated solution of 
sulphate of soda, then bring it to the boiling point, and 
suspend in it, by a string, for thirty minutes, the 
sample under trial ; then pour the liquid, free of sedi- 
ment, into a flat vessel, and suspend the stone over it 
in a cellar. When efflorescences appear on the speci- 
men, it must be dipped in the solution, say two or 
three times a day for about a week ; at the end of 
which time the quantity of earthy sediment in the 
vessel, collected on a filter and weighed, will indicate 
the effect to be expected from frost on the same 
sample." If no loss in weight occurs, and the brick in 
other respects is found to withstand the test, it may be 
safely used in the construction of sewers. Very soft Soft bricks 
bricks should on no account be used in the construction rejected. 
of sewers, but the roughness of the face of a brick is Rough bricks. 
no material drawback to its use in the sides of a sewer, 
provided that there are not any real asperities on the 
surface that would interfere with the flow, for in all 
channels a lamina of water adheres to the sides, and 
the frictional resistance to the flow in consequence is 
not materially affected by the quality of the material. 
This, however, would not apply to the invert of a sewer, 
over which solid matters, such as stones, sand, and 
other things, are often rolled along. The friction of Friction on 
these matters on the invert of a sewer, constructed of * 
rough bricks, would be considerable, consequently in 
such cases it is advisable to use glazed bricks, or invert 
blocks, to form the invert of the sewer. In those dis- 
tricts in which the quality of the bricks is such as to 
render them, from their character and durability, fit 
for the construction of certain parts of sewers, though 
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from their roughness they would be ineligible for the 
invert of a sewer^ special bricks or inverts should be 
used, making use of the local bricks for the construction 
of the sides and arches of the sewer, and thereby con- 
Forott at work sidorably decreasing the cost of the work. The forces 
in Mwer. principally at work upon a sewer are external, therefore 

the bricks may be said to be in a state of compression, 
consequently the only mechanical test to which it is 
necessary to subject bricks that are to be used in the 
construction of sewers, is the crushing test. Of course, 
it is weU that they should also be tested for hardness 
Table 30. aud powcr of absorbing moisture. Table No. 80 shows 

a number of experiments made by the author upon 
various bricks, giving their size, weight, the amount of 
water they are capable of absorbing, and the crushing 
force necessary to destroy them. 

It will be seen, on referring to the foregoing Table, 
Compariioa that picked stock bricks are not only less absorbent 
aSTMltWck. **""^ 6*^^* bricks, but are capable of bearing as great a 

compressible strain. This is due to the peculiar nature 
of the material, which is not brittle, therefore it com- 
presses when subjected to great strain. For example, 
brick No. 37 in the Table had an original thickness of 
2 '58 inches, but was compressed in the hydraulic press 
to 1 * 08 inch in thickness before it failed, and Na 39 
in the Table had an original thickness of 2 * 62 inches, 
and was compressed to 1 * 14 inch in thickness. The 
gault brick that bore the greatest strain, No. 25 in the 
Table, was likewise compressed from 2*60 inches in 
thickness to 1*23 inch in thickness before it failed. 
This degree of compressibility was exceptional with the 
gault brick, which accounts for the great load borne by 
this particular brick. 
Radiating Where bricks are exclusively used in the construction 

"^' of small sewers, or sewers of oval section, in which the 

radius of the curve of the invert is small, the sewers 
should be built up of bricks specially made to the proper 
radius. Ordinary-shaped bricks are totally inadmissible 
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for the conBtractioQ of email brick sewers, on accoant 
of tKe wide gaping joints ihej leave at the back, as 
shown in Fig. 6, page 46. In order to eecore the 
greatest uniformity in tbe sectional form of small sewers, 
eepedally their inverta when constracted in brickwork, Bi^ck bi 
it is coBtomary to cast the sewer in sections in wooden 
moulds specially adapted for the purpose. These moulds 
coDsist of long troughs, the bottoms of which are made 
to tbe true curve of the sewer. The sides of the troughs 
are hinged and are kept at tbe proper radius by means 
of ties placed over the top, as shown in section. Fig. 27- 
Pifl. 27. 




Tbe trough is divided by movable boards, which are 
placed BO as to admit of a block 14 inches or 18 inches 
in length being made, as may be required. The bricks 
are laid in tbe troughs, and when the trough, or any one 
of its divisions, is filled with bricks, cement grout is 
poured in and fills all tbe interstices and joints. After 
the cement has bad time to set, the blocks are removed, 
and each one forme a perfect section of part of the 
sewer. Sewers should not be entirely built up of blocks, 
as there is a want of bond in such work ; consequently 
the wca-k is not so strong as a sewer well built up of 
separate bricks, but brick blocks form a valuable auxi- 
liary, especially in constructing the inverts of sewers 
in bad ground. Terra-cotta and enamelled bricks have Tem-cntu 
been proposed for lining sewers, but have not hitherto 
been brought into general use, and as equally durable 
and serviceable material can be procured at less cost^ 
they are not likely to meet with any considerable 
demand for this purpose. Invert blocks constructed inwrt blocks. 
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of terra-cotta, Btouevare, or fire-clay, and glazed upon 
the invert face, are now very generally nsed in the con- 
struction of brick sewers of moderate size. These 
inrert blocke greatly facilitate tlie construction of the 
sewer, and from their durability, and the smoothness 
of their surface, are well adapted for the formation 
of the invert of sewers. Invert blocks are made with 
both butt and lipped joints ; the latter are preferable, 
as these blocks are less liable to settle in the work than 
Pj^, 28 P^*"* butt -jointed 

inverts. Pig. 28 
shows a bird's-eye 
view of a lipped 
invert block. 

One advantage of 
these invert blocks 
is that the continu- 
ous opening through 
the blocks affords a ready mode of getting rid of subsoil 
water during the constmction of the work, which at its 
completion can be readily stopped without detriment or 
Invcrk of l»rg« derangement of the work. The inverts of large sewers 
should be lined with blue Staffordshire or glazed fire- 
bricks, or otlier bricks that are hard, smooth, and 
adapted for the purpose. 
Vt of tanpieta. In the boilding of brick sewers, whether oval, circular, 
or otherwise shaped, templets should invariably be used, 
made to the true section of the sewer, in order that the 
workman may execute the work perfectly true in sec- 
tion. Care must be taken that a sufiBcient amount of 
C"»w'^ cementing material is used in the work, in order to fill 
up every interstice and to render the work water-tight," 
and also that the cement or mortar used for the purpose 
Cemaitjoiau. fg fitted for the particular work. The joints of the work 
should not exceed one quarter of an inch in thickness, 

* When a brick Mwer b boill up m a Dumber ot riage it ia orten 
adiisable In bad grooiid to make a oollar-joiDt la oement between tbe 
lingi or brickvork, so as to make the sewer watei-tight. 
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and they should all be stroked with the point of a trowel, 
which has the effect of increasing the density of the 
cementing material at the surface, and rendering it less 
liable to the action of the destructive agents present in 
a sewer. The arches of the sewer are usually turned Arches of 
upon centres of the proper radius, which are drawn for- 
ward as the lower portion of the sewer is executed. A 
point upon which some stress has been laid by some 
authorities has reference to the selection of the mate- 
rials used in the construction of sewers, and the adhesion 
of the bricks to the cementing material. It is well '^^*>«8|*'" f 

, *^ cement ana 

known that those bricks which are best calculated to bncks. 
resist the erosion and wear and tear of matters conveyed 
by sewers, are blue Staffordshire bricks, and bricks that 
have been pressed in the course of manufacture, and yet 
these bricks have less adhesion between themselves and 
cement than bricks of an inferior quality. Blue Stafford- 
shire bricks, when laid in cement, can be drawn apart 
with less force than is required to separate two ordinary 
stock bricks, the latter bricks being totally unfit for the 
construction of the invert of a sewer. This want of Want of 
adhesion between the cementing material and the best objection"^ 
of bricks is, however, no particular objection to the use 
of such materials in a sewer, as it has already been men- 
tioned that the principal strains upon a sewer, and by 
which it would fail, are not internal but external. In 
an ordinary cutting the weight of the superincumbent 
earth is far greater than the internal pressure ; conse- 
quently, as there is no tendency for the work to be drawn 
asunder by tensile strains, the non-adhesion of the cement 
and bricks is no great drawback. There is adhesion 
enough in any case to maintain the shape and solidity 
of the work, and to render it water-tight, and the cement- 
ing material, if properly compounded, will bear as great 
crushing strains as the best of bricks. 

In cases in which much subsoil water occurs, when SubsoU drainn. 
constructing ordinary brick sewers, it is customary to 
put in a line of drain-pipes continuously under the 
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brick sewer in order to convey away the snbBoil water, 
and to give time for the brickwork to set before being 
exposed to its action. In other cases sump-holes are 
sunk outside the line of sewer, which are continuously 
pumped out in order to keep down the subsoil water to 
a lower lerel than the brickwork. The great point to 
bear in mind in the construction of brick sewers in 
ground surcharged with water, is that the water must 
not be allowed to come in contact with the brickwork 
until the mortar has set. If this is not provided for, 
the soluble parts of the cement will be washed out, and 
the cement afterwards will never properly set, or will set 
only in patches, leaving the sewer completely pervious. 
A very important point in the construction of brick 
sewers is to see that the bricks are perfectly saturated 
with water before being applied in the work. If this 
is not done they will rob the cementing material of the 
moisture necessary for its crystallization and setting, 
and as a natural consequence the quality of the cement- 
ing material will be greatly impaired. 

In ordinary cuttings of 20 feet, and under, in depth, 
when executed in good ground, and when the greatest 
internal dimension of the sewer does not exceed 3 feet, 
it is customary to build the sewers, whether circular or 
oval, with a 4i-inch ring of brickwork. Sewers from 
3 feet to 6 feet in size are usually built in 9-inch brick- 
work, and for greater sizes the thickness is increased 
accordingly. Sewers with straight sides require at 
least 50 per cent, greater thickness of material than 
curved sewers of equal dimensiona 

The following formula will be found convenient for 
determining the proper thickness of the brickwork of 
sewers. 

•— — = thickness of brickwork in feet 

d = depth of excavation, 
r = external radios of lewer. 

As an example, take a sewer 6 feet internal diameter 
executed in a 20-feet cutting. It is known from what 
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has been previouBlj stated, that in practice the brick- 
work of a sewer of this size should be 9 inches in thick- 
nesa, therefore the external radius of the sewer would 

be 3 • 75 feet, and ^'^'^^^''^^ = ■ 75 feet = 9 inches. 

For alt sizes and depths of sewer, when this formula 
gives a less thickness than is equally divisable bj any 
nomber of half bricks of 4} inches, the proper thick- 
ness must be determined, so as to make it fall within 
and not without the last ring of the brickwork. For 
example, suppose the formula gave the thickness to 
be 1 foot, the eewer should be built in three rings of 
brickwork, or if the thickness given is 15 inches, then 
the brickwork should be four rings in thickness. The B«u on vhi 
above formula is computed from the safe load that J^l^ "" 
brickwork will sustain, which, in this case, after allowing 
for any imperfection in the nature and quality of the 
materials or workmanship, is taken aa equal to a column 
of average earth 100 feet in height. 

Sewers have been made in segments of various s^neDtai 
shapes and materials. Fig. 29 represents a segmental ***"'"■ 
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sewer, as mannfactmed by Messrs. Henry Doulton 
and Co. 

The adyantages claimed for this description of sewer 
are that they are strong, are readily put together, pack 
closely for transit, and form a pejfect and imperishable 
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^m, OTwte ^ districts in which gravel or other suitable material 
ahoaid be used, ig cheap, good, and easily procurable, the use of concrete 

in the construction of sewers may be adopted with 
much advantage, as well as with considerable saving in 
cost. In constructing sewers of concrete the author 
has generally used a mixture of one part Portland 
cement, two parts sand, and three parts of stones, 
broken so as to pass through a l^inch sieve turned 
over on a proper mixing platform, and used fresh in 
the work. In the Metropolitan district it is customary 
to use 3 bushels of cement to 1 cube yard of sand and 
shingla Where concrete alone is used for the construc- 
tion of sewers, the bottom part of the sewer is con- 
structed first, and concrete is rammed into position 
behind the mould of the exact section of the sewer ; 
these moulds are generally covered with sheet zinc, and 
when in use are greased over so as to render the face of 
the work as smooth as possible. The upper portion of 
the work is turned upon centres covered with metal in 
a manner analogous to that of brick sewers. In some 
cases the sewers are pargeted with a coat of cement 
inside. 

Fig. 30 represents an oval sewer constructed entirely 
in concrete. Fig. 31 represents a similar sewer, which 
is given as an illustration by Mr. John Grant, C.E., as 
a specimen of Portland cement concrete work, in his 
paper read before the Institution of Civil Engineers, in 
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April, 1871. It repreflentB a section of a sewer con- 
Btracted ID the Earl of Deptford Lower Road. The 
author states, with regard to this sewer, that it is 
" 7 feet 1 inch in diameter, cost 
per lineal foot, irrespective of ,' , 

earthwork, IGs. ; bat, inclusive of 
earthwork, side entrances, junc- 
tions, &c., it was aboat 23s. per 
lineal foot. This sewer was in 
some respects esceptional, inaa- 
mach as it conedsted of little more 
than an arch over a previonsly 
existing invert; the lower half 
was, however, rendered with 





cement and sand m equal proportions, 1 mch thick." 
In the construction of sewers entirely of concrete it is 
neceesary to have a mnch Icmger length of trench cutn length oi 
opened in the streets than is requisite for bnck sewers, ^^ 
in order to allow tiie work to set completely before the 
trenches are filled in moreover special means must 
be taken during construction to prevent the collapse 
of the sewer before the work is perfectly solidified. The 
K 2 
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Cmtm: wheo oentres of any particnlar length should not be removed 
renfo™.'" "* vntil the work is set. Concrete eewers may be con- 
Concrau biiuki, gtructed of biicks made of concrete, and built up as 
ordinary brick sewers, but in this form they become 
more expensiTe than brick sewers. They may also be 
CoDonto blocks constmcted of blocks cast in moulds, similar to brick 
blocks described in Fig. 27, pt^e 125, which are after- 
wards built up in the sewer. The author has built some 
considerable leugths of sewer in concrete blocks, using 
a key of brickwork in the arch. Probably the most 
economical and best form in which concrete can be used 
in the construction of large sewers is when used in com- 
Co^wiwrt bination with brickwork. Combined concrete and brick 

brick Hwrn. sewers may be constructed with perfect safety of any 
dimeneione ; the brickwork in this case forms, as it 
were, a centre for the concrete, and owing to the 
smaller amount of labour required, this form of con- 
struction is not so expensive as an entire concrete sewer, 
yet it is far cheaper and stronger than an entirely brick 
c^j»n sewer. Fig. 32 represents a section of the Croydon 

outfall sewer, 4 feet 
"' internal diameter, con- 

structed with an inner 
ring of brickwork, the 
outer portion of the sewer 
being formed of concrete. 
This sewer was con- 
structed above the level 
of the ground, and for 
some months waa run- 
ning full bore without any 
earth backing at the sides, and yet, though containing 
such a small amount of material, not the sliglitest leak- 
age took place. This was a test that no ordinary brick 
sewer could have borne under such circumstances, 
showing at once that there is a considerable degree of 
tenacity in the concrete covering. Fig, 33 shows a 
section of a sewer as constructed by the ])[etropolitan 
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Board of Works, parti j id brick and partly in concrete; 
the section also shows a pipe laid in the concrete below 
the level of the sewer for drain- 
age purposes. In the making of 
concrete special care must be ex- 
ercised with regard to the selec- 
tion of the materials, especially 
that the cement is of good 
quality, capable of withstanding 
both the chemical and mechanical 
tests which it ought invariably 
to be subjected to before being j 
osed in sewer work, as will here- I 
aiier be considered.* The stone 
or gravel used in the making of 
concrete should be thoroughly 
saturated with water, for if dry it will have a tendency 
to abstract water from the cement, and interfere with 
its setting properties. 

The following Tables give the relative tensile and 
compressive strength of Portland cement concrete. 

Tablk No. 81. — Showing tho Tenbilb Stebbotb o( Cokcbkte Table rfiowing 
after 12 moaths, mado with Pobtland Cement weighing '^'"]lo «^gtli 
112 Its. per buEhd. Cotopiled from experiments bj J. Gbant, 
Esq., C.B. 




' of coDcrel*. 





Proportm.. 


ToiiUc Stnngth. 1 




B<dl^IoOcn.«. 


J It,lb..p««,.to. i 




atoi 

4 „ 1 


240-44 
246-22 , 
214 'M 
141 -771 1 
163-33 I 
156-42 1 
1 



* Vide pages 134 (o 137. 
t There appean to hafe been a flaw id this 
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Table No. 82. — Showing the Cbushtng Strain on Blocks of 
CoNCBKTB 6 in. X 6 in. X 6 in., made with Pobtland Cement 
weighing 110* 56 Ihs. per bnshel, and when compressed and not 
compressed, and when set in Ant and Wateb, after 12 months. 
Compiled from experiments by J. Gbant, Esq., C.E. 



Proportion of 


Gompresaed Blocks. 


Not Compressed Blodu. 


Ballaid to Cement 


Set in Air. 


Set in Water. 


Set in Air. 


Set In Water. 




tons per In. 


tons per in. 


tons per in. 


tons per in. 


1 tol 


1055 


•933 


•833 


1041 


2 » 1 


1194 


•958 


1069 


1000 


3„ 




•833 


•986 


•666 


•777 


4„ 




•833 


•777 


•777 


•750 


5„ 




•680 


•986 


•666 -652 


6„ 




•566 


•544 


•505 ' -472 


6„ 




•458 


'444 


•388 ^347 


8 r 




•375 


•375 


•347 


•305 


9», 




•333 


•305 


•277 


•250 


10 „ 




•291 


•291 


•222 


•194 
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sewajse on 
chalk lime. 



The selection of proper cementing material for the 
construction of sewers is one of vital importance to the 
stability of the work. In many cases in this country 
sewers have failed from the injudicious use of a cement- 
ing material totally ui^suited for the purpose to which 
it was applied. The author has seen cases in which, 
either from the want of sufficient experience on the 
part of the persons employed in designing the works, 
or with a view of saving some trifling sum in the first 
cost, a cementing material has been selected for the 
construction of sewers totally unfit to resist the chemical 
action of the sewage, and the consequence has been 
that such sewers have failed. The cementing material 
used in the imperfect work here mentioned consisted of 
ordinary chalk lime mortar, or of chalk lime mortar 
mixed with a small percentage of Roman cement. 
The chemical action of sewage upon such mortar is due 
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to the presence of ammonia^ which, when brought into 
contact with ordinary lime, is converted by oxidation 
either into nitrons or nitric acid, which acids readily 
combine with the lime, and when they have so com- 
bined form nitrates or nitrites of lime, which salts are 
extremely soluble ; the lime in this new form is soon 
washed out of the joints of the brickwork by the flow 
of the sewage through the sewer,. or by subsoil water 
infiltrating through the work into the sewer, and every 
particle of lime may be carried away, leaving nothing 
but the sand to hold the sewer together ; consequently, 
as the work is no longer capable of bearing any strain 
upon it, such sewers either entirely collapse, or become 
so distorted in shape as to be unfit for the purposes for 
which they were intended. The adoption therefore of 
a durable cementing material for the construction of 
sewers is a point of the first importance, and too great 
care cannot be exercised in the selection of proper mate- 
rials. Where doubts exist as to the behaviour of cements Chcxniaii and 
or limes when brought into contact with sewage, it will JJ^^S"^ ***'* 
be well to subject them both to a chemical and me- applied. 
chanical test, in order to ascertain if they are fit for 
the purposes for which they are intended. Mechanical Mechanical 
tests for limes and cement consist in moulding the 
material into blocks of the shape shown in Fig. 34, 



Fio.'34. 



Fio. 35 





which, after being set in a proper mould, is taken out 
and allowed to remain under water for a period of 
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seven days, and then placed in clips shown in the fore- 
going figure arid transferred to the breaking machine, 
as illustrated in Fig. 35. Cements dififer materially in 
their power to resist tensile strains, as will be seen 
from the following Table, No. 33 : — 

Table No. 33. — Showing the Relativb Tensile Stbength of 
PoBTLAKD, Roman, and Medina Cements. Compiled from 
experiments by J. Grant, Esq., C.E. 





1 

PortUnd. 


^Vhite Brotbere' ' 


%r...^i.._ 


Age. 


123 lbs. per btubel 

1 


Roman. j 

1 


Medina. 




lbs. per in. 


Iba. per In. 


lbs. per in. 


7 days 


363- 15 


89-77 


40-93 


1 month 


415-91 


115-68 


131-55 


3 months 


469-28 


143-33 


199-46 


6 „ 


522-93 


210-08 


183-28 


9 „ 


541-77 


209-33 


203-20 


12 „ 


546-53 


285-82 


211-95 


2 years 


588-84 


242-66 


122-66 


3 „ 


58417 


268-35 


122-48 


4 „ 


583-37 


280-97 


127-91 


5 „ 


576-00 


278-66 


140-88 


6 „ 


.. . 581-33 ! 


296-17 


162-22 


7 „ 


589-95 


314-97 


—^ 



It should be here noted that a cement capable of 
bearing great tensile and crushing strains when more 
expensive in first cost, is often cheaper to use than an 
inferior cement, as it is capable of being mixed with a 
large percentage of sand, producing more cementing 
material of a quality equal to that made with a 
cheaper cement. The material which has the greatest 
power to resist the action of acids, and is the strongest, 
is undoubtedly the best for sewer purposes. The 
chemical action of sewage upon an untried cementing 
material may be arrived at by subjecting it to a stan- 
dard solution of nitric acid. The following Table, 
No. 34, shows the results as arrived at by the author 
with regard to the resisting power of various cements 
to the action of nitric acid. Each of the samples 
tested was made in a mould of the same size, and was 
submerged for ten days in a solution of distilled water 
containing ten per cent, of nitric acid. 
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Table No. 84.— Tnmro of Tuionj kinik of Lihe and Ckxkkt 
to Rnm the Actios of Nitbic Acid. The spedmeoa were 
eipoBed for ten dajw in a golution containiog 10 per cent. 
Nitric Acid. 



N'ilric add toLi 



DHCrtptleD orllilnliL ^^\ 

Ciofdon chalk lime | Air ', 

Ditto ^Wateri 

Ditto and Mnd .. | Air ' 

Ditto I Water I 

Dorking lime Air , 

Ditto Walffi 

IMtto and Mnd .. i Air , 

Ditto Water 

BIneliM .. .. , Air 

Ditto Water 

DittoandMUid .. I Air 

Ditto Water 

Banow lime .. Air 

Ditto Water 

Ditto and nnd - Air 

Ditto Water 

Plaalei of Paria ..Air 

Ditto Water 

Ditto and eand . . Air 

Ditto Water 

Keene'e cemeDt .. Air 

Ditto Water 

Ditto and ennd Air 

Ditto Water 

Portiaod oemeiit . . Air 

Ditto Water 

Ditto and Mnd . . Air 

Ditto Water 

Bransn cemeat . . Air 

Ditto Water 

Ditto a&d Mnd .. Air 

Ditto Water 

Medina oemont .. Air 

Ditto Water 

Ditto aail Bud . . Air 

Ditto Water 



'iCeaUBt' Remulo, 



798 


225 


5GT 


7IS J 

1 Would Dot 


1410 


68 


1342 


051 




^1 




S2'0 


M7 


filfl 


Ml 


35-6 


140.5 


710 


695 


49-4 ■ 


1211 


722 


48!> 


40-3 


1>S9 


7.W 


mi 


23-2 


1077 


891 


IfiR 


17-2 


1207 


795 


412 


34-1 ■ 


1129 


856 


27.1 


24-1 


torn 


705 


3Mfi 


35-3 ■ 


1041 


776 


26H 


25- C 


I2M 


610 


646 


,11-4 


1217 


781 


436 




1314 


1269 


•45 




1402 


1462 




.. { weight hj 


139G 




122 


„./ '""I"' 


H^G 


ISffll 


130 




12G2 


1246 


16 




1269 




14 








42G 


29'3 










1242 


IISO 


53 










4-5 


1470 


1400 


70 


47 






147 


11*3 


1280 


1243 


46 


3-5 


1272 


m-1 


47 


9-6 


1430 


l«Rfi 


44 


30 


1378 


1267 


111 


80 


1313 


1148 


165 


12-5 


1325 


1130 


195 


14-7 


1445 


1252 


103 


13-3 


1420 


1205 


2IS 


151 



A most valuable and elaborate series of oxpertments 
OD the strength of cement bave been carried ont by 
Mr. John Grant, C,E., and these cxjitTiniPiitij have had Mr. J. G™ni'« 
a material influence on the improvement of the mann- *"*""" " 
factnre of Portland cement. The results that Mr. Grant 
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arrived at with regard to cement are recorded in two 
papers read before the Institution of Civil Engineers in 
1866 and 1871, and may be referred to with advantage 
by all persons seeking information upon this very 
important subject. Portland cement is by far the best 
material that can ordinarily be used in the construction 
of sewers. It is an artificial cement composed of chalk 
and clay burnt at a high temperature, and is then 
ground to fine powder ; the finer it is ground the better 
it is. The strength of Portland cement depends very 
much upon its weight; the heavier the cement, the 
stronger it is, but the heavy cements require a longer 
period to arrive at their ultimate strength than lighter 
cements, and the strongest cements are the longest in 
setting, showing how necessary it is that provision 
should be made in the construction of sewers to protect 
the cement from being exposed to the [injuries arising 
from the presence of subsoil water during the con- 
struction of the work. Smeaton used plaster of Paris 
to protect the joints of masonry from the action of the 
sea, and Eoman cement has been used for like purposes 
to protect a slower-setting but stronger cement. Good 
Portland cement should not weigh less than 110 lbs. 
per striked bushel,* and should be capable of bearing a 
tensile strain of 350 lbs. to the square inch, after seven 
days immersion in water. It should be ground suffi- 
ciently fine to pass through a sieve having 1600 meshes 
to the square inch. Portland cement has the valuable 
property of not deteriorating by age, provided it be 
kept dry ; on the contrary, a certain amount of age 
improves its quality. The amount of cement that should 
be used in making mortar, which is the material used 
to combine together the bricks so as to form one mass, 
will be a matter of judgment for the engineer. Under 
no circumstances, however, should the amount of cement 
be less than the interstitial space of the sand which is 
to be used, if a really uniform and homogeneous com- 

* The cement ehoold be filled into the measure from a hopper. 
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pound is to be the result. The interstitial space of the ^^fff^Jj^"^^ 
sand may be arriyed at by the amount of water it is space, 
capable of absorbing, which will represent the intersti- 
tial space. It may be taken for granted that the mixture 
of any quantity of sand with Portland cement materially 
affects its strength, both tensile and compressive, as will 
be seen from the following Tables : — 

Table No. 85. — Showing the Tenbilb Stbength of neat Pobt- 
LAio) Gemsnt weighing 112 lbs. the striked bushel, also when 
mixed with a certain proportion of Thames sand. Compiled 
from experiments by J. Gbant, Esq., C.E. 



Age. 



Neat 
Cement. 



Proportion, Proportion* Proportion, 
1 to 1. 1 to 2. 1 to 3. 



1 month 
6 months 
12 



♦> 



Ibft. per in. 
348*66 
426*66 
448*80 



lbs. per In. 
166-00 
268*08 
321*76 



Proportion, 
1 to 4. 



lbs. per In. I lbs. per In. 
100*31 48*00 
178 08 136*94 
214*84 i 164*94 



lbs. per in. 
40-22 
66*22 
88*08 



Tensile 



Proportion, strength of 
1 to 6. cement and 

' sand, 
lbs. per in. 

19*11 

64*80 

90*84 



Table No. 36. — Showing the Cbubhing Stbain of Bbicks 
9 in. X 4^ in. x 3 in., made from Pobtland Cement weighing 
110*56 lbs. per Bushel, when compressed and not compressed, 
and when set in Aib and Wateb, after 12 months. Compiled 
from experiments by J. Gbant, Esq., C.E. 



Proportion of 


Compressed. 


Not Compressed. 


Cement and Sand. 


Set in Air. 


Set in Water. 


Set in Air. 


Set In Water. 




tons per sq. la 


tons per sq. in. 
3*274 


tons per sq. in. 


tons per sq. in. 


Neat 


2*360 


2*776 


2*811 


Ito 1 


2*044 


2 057 


1*561 


1*649 


1 « 2 


1*728 


1*410 


1024 


*972 


1 „ 3 


1*328 


•656 


•656 


538 


1 „ 4 


1*076 


738 


*489 


*338 


1 „ 5 


•923 


372 


377 


•212 


1 „ 6 


•747 


•277 


271 


142 


1 „ 7 


•713 


•260 


•211 


105 


1 „ 8 


475 


201 


*174 


057 


1 „ 9 


432 


*183 


131 


•057 


1 „ 10 


•381 


*138 


*118 


•056 



Compreasive 
strength of 
Portland 
cement and 
sand. 



General Scott has invented a process, and bronght into General Scott's 
operation a system of manufacturing Portland cement ^^nt manu- 
and selenic mortar, in combination with the clarifica- ^ctured from 
tion of sewage,* which will be hereafter considered. 

* This process is explained in another volume of 'Sanitary 
Engineering,' under hca.l of Lime processes of purifying sewage. 
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Manufactured 
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Weight of 
Roman cement. 



Medina cement. 



Strength of 
Medina cement. 

Lias limes. 



Boman cement was formerly largely used in the 
constraction of sewers, both by itself and also in com- 
bination with lime mortars. It is not more than 
two-thirds the price of Portland cement, but it is not 
more than one-third as strong, so that, for all general 
purposes, Portland cement is the cheapest material, and 
is otherwise preferable. 

Boman cement has the power of setting quicker 
than Portland cement, and on the other hand, if it is 
exposed to air, it absorbs moisture and carbonic acid, 
which form silicates and aluminates of b'me, and destroy 
the quality of the cement. It is not capable of bear- 
ing a greater tensile strain than from 100 lbs. to 
125 lbs. the square inch, after seven days* immersion. 
It is manufactured from Septaria, found in the London 
clay and other geological formations. Boman cement 
is best when light, and should not weigh more than 
75 lbs. per striked bushel, nor should it be used with a 
greater proportion of sand than one to one. It is 
occasionally used to protect the joints of slow-setting 
cements, and on account of its quickly setting is often 
a yaluable agent in some special works. 

Medina cement is a variety of Boman cement con- 
taining a rather larger percentage of lime, and is made 
from Septaria procured from Hampshire. It has the 
power of setting rapidly, but is inferior to Portland and 
Boman cements in point of strength. In some cases, 
hydraulic limes, such as some of the Blue Lias limes, 
may be used with advantage in sewer and water works, 
but, on account of their variable quality, in no case 
should they be adopted in the construction of a sewer 
until it has been shown that they are able to withstand 
the chemical action of the sewage, as well as possessing 
the mechanical advantage of strength. Many of the 
Lias limes are apt to cause rupture of the work if not 
finely ground, therefore, when limes of this class are 
used for sewer work, they should invariably be tested 
by being sifted, and all samples not ground sufficiently 



SAND AND WATER. 141 

fine to pass the sieve,* as used in testing Portland Necessity for 
cement, should be rejected. Many other cements, such "®^'^ * 
as Keene's Parian, plaster of Paris, and others, are all K'eene's Parian 

_, *. n ' iiA *°" plaster of 

fitted for the construction of sanitary works, but are Paris. 
more especially adapted for the interior fittings of Cement that has 

1 -|. 1 • X i_ •! !• T • 11 J. set to be rejected 

pubbc and private buildmgs. In usmg all cements care -^ 

should be taken that no more is mixed at one time 
than will be quickly used, for any cement that sets or 
becomes hard is unfit for use, and should be rejected. 
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An important point in the selection of materials is 
to procure a pure silicious sand for mixing with cement 
or lime to form mortar. The sand used should be free influence of 
from all nitrogenous, and some saline matters, such as ^ne^mX^^ 
alkaline chlorides; if not, these matters are liable to 
undergo a chemical change, after being mixed with the 
lime and cement, and so cause a rupture of the work 
even after it has set. For cementing purposes, for mix- 
ing with cement, a sharp sand is undoubtedly the best. Sharp sand best. 
It would be a saving of cementing material to select 
sands of various degrees of fineness, so as to reduce the 
interstitial space as much as possible. Pure silicious siiicious sand. 
sand forms, in combination with the limes, a silicate of 
lime which augments the strength, especially in those 
parts excluded from the air, as the interior of thick 
walls. Sand acta as a dilutant for cemeut, so that its Sandndiiutant. 
approximate strength, within certain limits, may be 
arrived at by knowing the proportions of sand used. 

With regard to the selection of water, either fresh or Wnter. 
sea water may be used for mixing with Portland cement 

* Sieve having 1600 meehes to the square inch. 
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It has been shown by Mr. J. Grant, G.E., that the use 
of sea- water augments the strength of Portland cement. 
This may be due to certain combinations taking place 
between some of the salts in sea-water and the cement ; 
on the other hand, the excess of certain salts will un- 
doubtedly injure the cement. Sewage-water, for ex- 
ample, should on no account be used in compounding 
mortar. The author has seen cases in which the best 
materials, both as regards cement and sand, have been 
used, but when mixed with sewage water the cement has 
never properly set, while the same cement, in the same 
work, compounded with pure water, has set rapidly and 
well. Care should also be taken in the mixing of 
cement that too great a proportion of water is not 
used. The smaller the quantity of water used in the 
compounding of cement the better it will be found to 
be. The volume of water to be used, therefore, should 
only be sufficient to bring the mortar into a thick 
paste. Where more water is requisite, it is a sign that 
the bricks or other materials which are used in the 
construction of the works have not been sufficiently 
soaked, and that the mortar is robbed of its mois- 
ture, by reason of the inattention paid to this impor- 
tant point 
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In all works of sewerage timber is extensively used in 
all the preliminary operations, either for shoring the 
trenches, shafts, or tunnels ; or for constructing centres, 
templets, trunks, or shoots for the discharge of water. 
It is also occasionally used permanently in works of 
sewerage, as in forming foundations, or for the protec- 
tion of work in exposed situations, or as a casing for a 
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protection against firost, or to guard some outfall works 
from injury, such as they are liable to incur when it 
is necessary to pass outfall sewers along the sea-shore 
or into navigable channels. The outfalls of sewers Sea works. 
into the sea, or into a tidal estuary, are usually marked 
by timber piling; to protect them against displace- 
ment by vessels, and which also serve as a beacon to 
mark the point of outfall, thus warning vessels from 
approaching too near. In all temporary works it is 
customary to select the cheapest timber at hand. Both Selection of 
English and foreign-grown timber of every variety is **™*^* 
extensively used in shoring trenches. In some cases shonng 
special timber, such as oak, is used, where great strength '*^^«»' 
is required, as in some tunnel work. Fig. 36 represents 
one of the simplest modes 
adopted for shoring trenches Fio. 36. 

for sewer and other works. 
The trench is cut slightly 
tapering, being wider at the 
top than at the bottom, as 
there is a tendency for the 
timber to tighten, if it 
slips, or the earth contracts 
from drying. This system 
consists in providing hori- 
zontal walings, W, which are 
kept in position by struts, A. 
The walings are often sup- 
ported by props, B, which are 
put under them, and serve to 

keep them in position, so that if any settlement takes 
place the whole framing will subside together. In 
other cases walings are used with short boards at the 
back, called poling boards, which are usually 1^ in. in Poling boards, 
thickness, and their object is to shore a larger side 
area of the trench than is the case when walings alone 
are used. This system is illustrated in Fig. 37. 
Fig. 38 represents a mode of shoring trenches in bad Trenches in bad 

gronnd. 
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ground. In this case the walings and stmts are used as 
before, but instead of poling boards the runners, R, are 

Fig. 38. 
Fig. 87. 





used, and they are sharpened at the bottom and driven 
as sheet piling behind the walings. The trench in this 
system, in the first place, must be excavated sufficiently 
wide at the top to enable as many tiers of runners to 
be used as may be requisite to get the proper width of 
trench at the depth required. It should be observed, in 
timbering trenches, that the timber should be wedged up 
tightly against the sides of the trench, in order to pre- 
vent the slightest chance of movement in the surround- 
ing earth, but not so tightly as to disturb the earth. 
The struts, as a rule, should be of as great a diameter as 
possible, for if they are small in diameter, in proportion 
to the width of the walings, they are apt to split the 
walings if any great strain is brought upon them. 
Where half-round timbers are used for shoring pur- 
poses, the flat sides of the timber should be placed 
against the side of the trench. The struts in this case 
should be cut to fit the walings, or, as it is termed, 
should be " bird's-mouthed " at the end to fit the 
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TOnnded aide of the waliDgs. In bad ground, and when 
the trenches are closely timbered, it is customary to use 
litter, Bshee, and other snitable materials for packing 
behind the poling boards or mnners, so as to prevent 
tbe entrance of quicksand and water into the excavation. 
Owing to the great amount of waste that usually takes 
place in the use of timber in trenches, several devices 
have been introduced to prevent the breakage of the 
material, and to render it of use more tlian once. 
With this view Mr. Kirkman introduced a screw at one 
6ftd of the strut, which he calculates, in a work of any 
considerable extent, not only saves trouble, but will pay 
for its expense. In trenches of targe size whole baulks 
of timber are required to be used, in which case they are 
tightened up by wedges, and such timbers require to be 
rapport«d and braced in all directions. In tunnel work, 
material of good quality should be selected for timber- 
ing, and such timber should be hard and tough, as at 
nnknowD times and places considerable strains are liable 
to be thrown upon it. In ordinary tunnelling for sewer 
work the bQIs and posts are made of fir, and the side posts 
are osnally placed at an angle, and mortised or notched 
into the sills. The poling boards or staves are usually 
driveD diveiging outwards, so that one set overlaps the 




preceding set, with a wedge between the two, as shown 
in Fig. 39. S shows the position of the staves or poling 
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boards, H the bead of the framing, F side poet of fram- 
ing, and X tbe wedge for keeping tlie stares in poeitioD. 
When tunnelling in good gromid, tlie side posts may 
be sunk into the bottom of the excavation for a few 
_ _ inches, and poling 

boards or stares are 
placed at the back of 
tbe framing,ae shown 
in Fig. 40. 

When tunnelling 
in bad or unstable 
ground, a section of 
framiug similar to 
that in Fig. 41 is 
usually adopted. 

It consiste in 
closely timbering tiie 
tunnel with tbe 




stares or poling boards 8, the stares, being kept in posi- 
tion by the framing L, which forms a lintel and side 
frame in addition to the ordinary framing, and tbe 
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wedges for setting up the work are inserted between 
the two sets of framing. 

The floor of the tunnel may be treated in a similar 
manner to the head, or it may be covered with planks 
spiked down to the sills of the framing. In all cases, 
whether in tunnelling or open trench work, where the 
ground is unstable, or where slips of earth are likely 
to take place, which may damage either the works exe- 
cuted, or any adjoining property, it is customary to leave Timber ihouw 
in the timber in order to take the strain until the trench * *°' 
has become completely consolidated, which in some 
cases may not occur for a course of years. In carrying 
out sewer works in narrow streets, it is advisable to shore Shoring in 
the houses, and the stays introduced should be removed °*^™^ **^***'* 
with caution, but not until the excavation is properly 
consolidated. 

Timber has been extensively used in past ages for Timber, 
the formation of aqueducts for conveying water, and ^'^^ 
for the construction of water-pipes, but for these pur- 
poses it has now been generally superseded by iron. 
Its use for such like purposes has, however, again 
been revived, as it has been proposed to construct 
circular channels of wooden laggings, bound together 
with wrought-iron hoops barrel, fashion, and supported 
on piers, for the purpose of conveying and distributing 
sewage over land. Timber is also now occasionally 
used for the construction of movable carriers for dis- 
tributing sewage on land, and is largely used for the 
construction of sluice frames and doors on alF sewage 
irrigation works. 

The best descriptions of timber to be used per- Descriptions of 
manently in sewer or water-works, and in all situations ^pted. 
where it is liable to be affected by dampness, are alder, 
beech, elm, larch, oak, and teak. In the selection of 
timber to be used permanently in sanitary works, care 
should be exercised that it is free from injurious shakes, 
large and loose knots and sap-wood. Various processes protectfoo of 
have been adopted in order to protect timber from timber. . 

L 2 
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premature decay, and from the attacks of certain 
species of fungi and insects, whicli in some situations 
are liable to prey upon it, and so cause its rapid 
destruction. The systems are known as Eyanizing, 
Bumettizing, Bethell's, and Payne's processes. 

Kyanizing consists in saturating the timber in a 
solution of corrosive sublimate (bichloride of mercury)* 
The quantity of bichloride to be used depends more or 
less upon the porosity of the timber; it varies from 
1 lb. to every 10 gallons for a strong solution, to f lb. 
for a weak solution, the timber being exposed in tanks, 
so constructed that no metal is brought into contact 
with the solution for a period varying according to the 
thickness of the timber, twenty-four hours of exposure 
being allowed for each inch in thickness of the material. 
In Burnettizing a solution of chloride of zinc in com- 
bination with water is used, 2^ lbs. of chloride of zinc 
being used for every 10 gallons of water. 

Bethell's process consists of impregnating the timber 
with creosote ; the timber for this purpose is exposed 
in tanksy properly constructed, for a sufficient time to 
ensure saturation. 

PaToe's prooen. Payne's process consists in first saturating the timber 
with a solution of sulphate of iron, and afterwards 
treating it with a solution of some of the alkaline 
carbonates, which have the effect of decomposing the 
sulphate of iron and producing within the interstices of 
the timber an insoluble oxide of iron. 

Timber is also occasionally protected in some situa- 
tions by being charred or biunt on the exterior surface, 
the exposed charcoal surface being less liable to decay 
than the natural timber. Pigments of various descrip- 
tions, having for their basis the oxides of lead, iron, or 
zinc, are universally used to protect timber from the 
weather. Tar, pitch, and its compounds are also 
extensively used, and are very efficient for the pro- 
tection of timber in works of sewerage. 

«^^^ ^ ^^^ strength of timber when used in sewer or other 
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work may be arrived at by reference to the ioUowing 
Table, which shows the tensile and compressive strength 
of various kinds of timber; also the value of the co- 
efficients E and S as used in the formula of Professor 
Barlow in arriving at the strength and deflection of 
timber girders and other structures. 

Table No. 37. 



DtKiipilon of Timber.: (jj^fy. 



Tensile 
Strength. 



Sti?ngth. I V*^°«* 



I 



of E. 



Teak 

English oak 
Canadian oak .. 
AfHcan oak 
Dantzic oak 

Aah 

jjcOcn 

Elm 

Pitch pine 
New England fir 
Dantzio pine . . 
Mar Forest fir .. 
lATch 

Norway spar 
Spruce fir .. 
Memel deal 
Chrifltiana deal 



•745 

•934 

•872 

•972 

•756 

•76 

•696 

•553 

•66 

•553 

•649 

•696 

•556 

•577 

•512 

•590 

•689 



lbs. per sq. In. lbs. per sq. lu. 

8,000 i 12,000 ! 

19.000 10,000 



17,000 
22,000 
13.200 



8.000 
10.200 

10,'ioo 

12^000 



9,300 I 
9.300 
10.300 I 



349 
209 
310 
165 
172 
237 
195 
101 
177 



• • 


317 , 


5,400 


1 


• • 


93 ; 


5,500 . 


152 1 


• • 


210 


6.500 


• • 


• • 


116 


5.850 

1 


115 



Value of S. 



2110 
1072 
17GG 
2589 
1470 
2026 
1556 
1013 
1632 
1102 
1426 
1144 
1127 
1474 
1490 
1731 
1562 



Table ot 
sti'ength ot 
timber. 



Note. — The reduced value of E in this Table is found by dividing 
the original value of £, as given by Profefesor Barlow in his ^ork on 
the Strength of Materials, by 1728. 

In the application of the foregoing Table the rules 
for finding the strength of a rectangular beam of timber 
fixed at one end and loaded at the other, are given by 
Professor Barlow as follows : — ** JIultiply the value of Professor 
S in the Table of Data by the area, and the dei)th of the KkuiaTing 
section in inches, and divide that product by the lever- strength of 
age in inches, and the quotient will be the weight 
required in lbs.;" or "to determine the strength of a 
rectangular beam of timber when it is supported at the 
ends, and is loaded in the middle of its length : rule 
multiply the value of S in the Table of Data by four 
times the depth in inches, and by the area of the section 
in inches, and divide the product by the distance 
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One-foorih the 
brenking weight 
the limit of 
safety. 

Beams loaded 
at intermediate 
points. 



Beams nni- 
formlj loaded. 

Formnln for 
strength <^ 
beams. 



between the supports in inches, and the quotient will 
be the greatest weight the beam will bear in lbs." If 
the beam is not placed horizontally, the distance 
between the supports must be measured horizontally, 
and will be the length of bearing. A fourth of the 
breaking weight, as given by the formulae, will be 
the greatest load to which a beam ought to be subjected 
in practice. ** When the load is applied at any other 
point than the middle, it will be as the rectangle of the 
segments, into which the point divides the distance 
between the supports, is to the square of half that 
distance; so is the weight found by the rule to the 
weight the beam will sustain at the given point." 
When a beam is uniformly loaded, its breaking weight 
is twice that of a beam whose load is applied at the 
centre. The following formulsD of Professor Barlow will 
give all the information required for calculating the 
strength and other particulars of beams, &c. 

1. When the beam is fixed at one end and loaded at 
the other. 

Sad* 



W = 



/ = 



a = 



d = 



I 

Bad* 
W 

/W 

/ /w 



In square beams 



2. When supported at one end and loaded in the 
middle. 

In this case therefore 



W = 



/ = 



4ad^B 
W 



rw_ 

"""id's 



/w 






s 



In square beams 

a = (I = Ay 

^ 48 
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3. WhfiQ the beam is fixed at both ends and loaded strength of 

beams. 



in the middle. 



w = 



/ = 



a = 



6a<nB 

w 

6aS 



(f = >v/ 



In aqtiare beams 



4. When Ihe beam is supported at both ends, and 
loaded at an intermediate point. 



W = 




In square beams 

^ s/mnW 
a = a =\/ ■ 



/S 



5. When the beam is fixed at both qnds, and loaded 
at au intermediate point. 



W = 



/ = 



2mn 

2mnW 

SadPS 

2mn^y 



a = 



J=\/ 



2wnW| 



In square beams 

8/2mnW 
a = a = ^ 



3/aS 

In the above formulsB 



3/s 



W = breaking weight in lbs. 

/ = length in inches. 

a = breadth in inches. 

d = depth in inches. 

6 = the tabular value given in Table No. 38. 
m and n represent distance from the points of support when the 
load LB applied at an intermediate point on the beam. 

In order " to determine the dimensions of a beam Deflection of 
capable of supporting a given weight with a given °**™^ 
degree of deflection when fixed at one end : rule, divide 
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Prof. Barlow*! the Weight in lbs. by the reduced tabular value of E, 

rule for HTriT* « • • 

ingatthe multiplied by the breadth aud deflection, both in 

^Saonf inches ; then the cube root of the quotient multiplied 

by the length in feet will be the depth required in 
Deflection in iuches." "When the weight is uniformly distributed 
SSfonniydis- ^^®^ *^® length of the beam, the deflection will be only 
tributod load. |th8 of the deflcctiou from the same weight applied at 

the extremity, and in the rule consider the weight 
Cylindrical reduced in this proportion." "If the beam be a 

beams or shails. _ _ /• • 

cylinder, the deflection will be 1 * 7 times the deflection 
of a square beam, other circumstances being the same.' 
" To find the dimensions of a beam capable of sustaining 
a given weight with a given degree of deflection when 
supported at both ends : rule, multiply the weight to 
be supported in lbs. by the cube of the length in feet. 
Divide this product by 16 times the reduced tabular 
value of E, multiplied into the given deflection in 
inches, and the quotient is the breadth multiplied by 
the cube of the depth in inches." 

Note 1. — "If the beam be intended to be square, 
then the breadth is equal to the depth, and the fourth 
root of the quotient is the depth required." 

Note 2. — " If the beam be a cylinder, multiply the 
quotient by 1 • 7, and then the fourth root will be the 
diamater of the cylinder." 
strength of ** To determine the dimensions of a pillar or column 

timteiT ^ ^o ^®^^ * given stress in the direction of its axis with- 

out sensible curvature : rule, multiply the weight to 
be supported in lbs. by the square of the length of the 
pillar in feet, and divide the product by 40 times 
the reduced tabular value of E, the quotient will be 
equal to the breadth multiplied by the cube of the least 
thickness; therefore, either the breadth or thickness 
will require to be fixed upon before the other can be 
found." 

Note 1. — "If the pillar be square, its side will be the 
fourth root of the quotient." 

Note 2. — " If tlie column be a cylinder, multiply the 
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tabular value of E (Table 38) by 24 instead of 40. The 

fourth root of the quotient in the rule will be the 

diameter of the cylinder.'* 

The following formulsB as to the strength of wooden Formuiaj for 

columns, as given by Mr. Eaton Hodgkinson, will be Joiumns.** 

found useful : — 

Long Columns. 

D* 
W = 10*95 ^-j , floUd square Dantzic oak (dry). 

D* 

W = 7*81 =-5- , solid sqnare of Bod-deal (dry). 
li 

Short Ck)LuiiN8. 
W.C 

""-W-f-TSC* 
W = breaking weight of long columns in tons. 

to = breaking weight of short columns, less than 30 diameters 
long in tons. 

L = length of the column in feet. 

G = crushing force of material as given in Table No. 38, multi- 
plied by sectional area of colunm. 

The relative strength of columns having the same Relative 
sectional area, but differing in the form of section, will ^^^^ jjf 
be for a circular column = 100, triangular ditto = 110, reference to 
square ditto = 93. The safe load to be applied to ^ ^T^ '^"* 
columns should not exceed one-tenth of the breaking columns. 
weight 
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Iron and some other metals are extensively used by 
the sanitary engineer in carrying out his varied works. 
Iron is more or less found in every country, and in 
every geological formation. It is employed in the con- yoi-m in which 
struction of sanitary works in three forms : either as " ° " 
cast iron, which is a carburet of iron ; as wrought iron, 
which is cast iron decarbonized, or freed from its com- 
bined carbon; and as steel, which is iron having a 
smaller amount of carbon in combination than is found 
in cast iron. Cast iron is largely used in works of Uaeofcabt 

iron. 
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sewerage and water-supply. It is a metal which is 
easily moulded to any shape, and is well adapted for the 
formation of pipes, cylinders, flushing-doors, penstocks, 
columns, gullies, and a variety of other details. Of the 

ciaanfication of quality of cast iron, it is classed by the manufacturer as 
No. 1, 2, 3, or 4, according to the amount of carbon 
which is in combination with the iron. No. 1 is an 
iron which is most highly carbonized, the carbonization 
diminishing with the number of the iron. The amount 
of carbon in combination with the iron varies from 2 to 

Admixture of 4 per ccut. The proper admixture of the iron in the 
foundry is one of considerable importance in order to 
ensure a perfect casting ; for as different varieties of iron 
have different points of fusion and varying rates of cool- 
ing, unless a proper admixture is ensured the casting 
will have within itself an element tending to produce 
its own destruction, for while some of the metal may be 
in perfect fusion, other parts may be imperfectly fused, 
while again others may be burnt ; or in cooling, some of 
the metals may cool faster or slower than others, conse- 

Uneqnai tension qucutly the Casting may be thus brought into a state of 

m iron castings. ^JJ^gq^g^l tcusion, or, as it is technically termed, " hide- 
bound," when such slight influences as sudden change 
of temperature may lead to its instant destruction. 
Experiment has shown that castings which are made by 

Aii^furnace. remclting the iron in the air-furnace are capable of 
bearing a slightly greater tensile strain than those made 

Blast-furnace, direct from the blast-furnace ; therefore it is the prac- 
tice of some engineers to stipulate that the metal shall 
be remelted in the air-furnace. In the ordinary course of 
manufacture some of the largest and best makers of cast- 
iron pipes cast them direct from the blast-furnace, and if 
care is exercised no evils arise from this practice, as the 
men employed in the manufacture know from long expe- 
rience, from the appearance of the flower on the molten 
metal, if it is or is not fit for pipe making, and if not 
suitable it is run into pigs, and afterwards remelted 
with an admixture of other iron in the air-furnace. In 
all castings the engineer should see that they are free 
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fix)m air-bubbleSy scoria, cold-shot, and other imper- 
fections of casting, and that they are allowed to cool 
slowly. There are, however, faults to which all articles Fa">*» of cast- 
made of cast iron are liable, and which may escape 
observation even after the most careful scrutiny, and in 
consequence there will ever remain a certain degree of 
uncertainty as to the strength of iron castings, for there 
are numerous circumstances which may, more or less, 
affect the quality of the manufactured article, such as 
unequal contraction in cooling, imperfections from 
latent flaws which may be concealed by a covering of 
sound metal, the brittle nature of the material, the 
presence of some deleterious agent in the metal itself, 
all tending to render cast iron more or less uncertain 
and liable to fail without warning. The presence of Fails without 
phosphorus in iron, which is more or less present in ^*"**°«- 
most of the ores of this country, greatly detracts from the iron. 
quality of the material, and gives it a quality commonly 
known as " cold-short." The iron in this case appears 
to set in large cr}'stals, and is brittle and very liable to 
fracture. The presence of sulphur in iron, on the other Sulphur in iron. 
liand, gives it a quality known as " red-short," while 
the presence of arsenic is supposed to improve the Arsenic in iron. 
quality of the material. The Lowmoor iron is supposed 
to derive its excellent quality from the presence of 
arsenic. 

Some other metallic bases when present have also a 
beneficial influence in purifying iron in the course of its P«»"fi<»*'on of 
manufacture, and are occasionally added by the manu- 
facturer for this purpose, such, for example, as silica 
and manganese. Formerly iron was procured entirely Comparison 
by means of the cold blast, but the hot blast is now and hot blast 
generally used, as a much larger yield of iron is pro- "^°* 
duced at a less cost, and ores that could not be reduced 
with the cold blast are now successfully operated upon 
with the hot blast. It has been generally supposed 
that the hot-blast iron is inferior to cold blast, and 
practical tests applied to both irons appear to favour 
this view ; yet the slight inferiority of the hot-blast iron 
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may not be due to the nature of the blast, but, as some 
persons of great experience in this branch of manu- 
fEtcture ascribe it, to the inferior ores which are now 
smelted as compared with those used when the cold- 

Cast-iron pipe blast irou was more in vogue. As cast iron is more 
generally used m sanitary works m the form of cylmders 
or pipes, it is customary for small pipes with bands for 
drilling to be cast in the foundry on a bed laid nearly 
horizontal, or at an angle of 45°. Larger pipes of six 
inches and greater diameter are best cast vertically. 
In vertical castings the socket ends, if they are socket 
and spigot pipes, may be cast downwards, or upwards, as 
required. If large pipes are cast horizontally, the cores 
are apt to float, so that the pipe, when made, is liable to 
be thinner on one side than the other. Unequal thick- 
ness may occur in pipes vertically cast if the core is not 
placed truly concentric, or if it warps in the drying 
process. In horizontal-cast pipes core nails are re- 
quired for fixing the core in position, and these are 
afterwards hammered up, so that it is easy to detect, by 
the presence or absence of these core nails, if the pipe 

Mailer* to be has been horizontally or vertically cast. In all iron 

manufacture^*^ pipes the engineer should be careful to see that the 

castings are all truly cylindrical, and that the spigot of 
every socket pipe fits properly into the socket; that all 
special pipes, such as bends and junctions, are truly 
shaped and will join properly with the straight pipes ; 
that the sectional area of every pipe be truly concentric, 
and any pipe which deviates more than one-fourth from 
the specified thickness at any point should be rejected. 

Effect of moving The elasticity of cast iron is such that an alternating 
load of one-sixth the breaking weight will injure it. 



lion. 



The safe load for cast iron should not exceed one-tenth 
strength of the breaking weight, and the average tensile strength 
cast-iron. ^^^ y^ taken at seven tons per square inch. When 

cast iron is used in the form of pipes, the mode adopted 
strength and in practice, of arriving at the proper thickness of the 

thickness of • • i. j ii a1 • i» x* xi. 

cast-iron pipes. P^P^j ^ based equally on the experience ol casting them 

as upon the calculated thickness that would result when 



\ 
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taking into account the pressure they would have to 
bear ; and it will be found that any pipe which can be 
cast sound in the foundry will bear the ordinary pressure 
to which it may be subjected in practice. The reason 
for this is that cast iron is sUghtly porous, and is liable 
to considerable defects in casting, especially when the 
metal is thin ; therefore all pipes are made of consider- 
ably greater thickness than that required to ensure their 
rtabiUty when subiected to a given bursting pressure. 
Some engineers make the thickness of a pipe equal one- 
fifth of the square root of its internal diameter in 
inches, which gives a thickness safe in practice for all 
ordinary pressures. The resistance which a pipe offers 
for every inch of its length to the internal pressure 
tending to burst it, equals that of the cohesive strength 
of the thickness of its two sides. The effective area of 
pressure upon the pipe tending to cause rupture equals 
its internal diameter. If the tensile strength of cast 
iron is taken at 16,000 lbs. to the square inch, the weight 
of a cubic foot of water being 62*449 lbs., then the 
thickness of a pipe to resist water pressure is 

62-449 HD Formula for 

= • 0000144 H D. strength of cngt- 



2 X 144 X 15000 
H = head of water in feet. 
D = diameter of pipe in inches. 



iron pipes. 



With this thickness the pipe would be at the point 
of bursting. All pipes should be made of sufficient 
thickness not only to bear the steady working pressure, 
but the shocks to which they are subjected when water 
is put in motion through them or the current is suddenly 
stopped. In practice it may be taken that pipes should P»P« «J>ouW be 
be capable of sustaining ten times the greatest pressure, ten times the 
or the strain to which at any time they may be sub- ^'^^°« P"^ 
jected, which is the pressure used in testing them ; there- 
fore if pipes are so made, the following formula will give 
then- thickness * 000144 H D. 

Formula for 
H = head of water in feet. thickneas of 

D = internal diameter of pipe in inches. pipes. 
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Pipes are usually tested in a liydntalic machine to a 
test of three or four times the greatest working pressure 
to which they will be sub- 
jected in practice. When 
pipes are made aocording 
to the formula 000144 
H D, the safe head of water 
to which they should be 
tested equals one-tenth the 
bursting pressure. Exam- 
ple, a 12-inch pipe is re- 
quired to be made to work 
under a constant pressure 
of 125 feet head of water. 
This pipe would be t«eted 
Bay to 125 X 3 = 375 feet, 
and its thickness should 
equal -000144 x 375 x 
12 = - 648 inches, while 
its bursting pressure = 
648 X 2 X 15000 _ 
1*2 ~ 

1620 lbs. per square inch. 
A machine for pipe testing 
is illustrated in Fig. 42. 
' It consists of a frame car- 
rying a movable head A. 
The apparatus is capable 
of being lengthened at 
pleasure by means of the 
nuts B, B, BO aa te take in 
pipes of varying length. 
The pipe C to be tested 
' is rolled up an inclined 
plane, usually of timber, 
into its position ; the 
movable head is then 
screwed op, the pipe being kept water-tight at the 
ends by means of packing, composed of either platted 
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hemp or a disk of india-rubber or leather. The pres- 

gore is applied by means of a force pump ; a gauge 

is fixed upon the apparatus in order to record the pres- 

sure, and as the pipe fills with water provision is made 

for the escape of the air, this precaution being absolutely 

necessary, or otherwise a pipe bursting would explode 

with considerable violence. The thickness of the pipes Pipe te«Ung for 

is usually tested by means of a pair of callipers, as 

shown in Fig. 43^ 

Fio. 43. 







In Table No. 38, the diameter, thickness, length. Table No. 38. 
weight, safe head of water, and the bursting pressure is 
given for pipes of from 1^ inch to 48 inches diameter. 
In cases in which the thickness for pipes required does 
not correspond with the thickness given in the Table, 
the weight of the pipe may be arrived at by taking its How weight 
cubical contents in inches and multiplying it by '27 lb., LoerSned, 
the weight of one cubic inch of cast iron. 
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Table No. 88. — Showing the Size, Weight, Safe Head, and 
Strength of Cast-iron Water-pipes, 



Intenial j, 

diamster - ^^ 

of Pipe ^ 

inchea. 


hick. 
mot 
italin 
chet. 


Length 

of Pipe 

in work 

in 

feet 


Depihof Thick- 
Socket nesB of 
In Joint in 
inches, inches. 


Weight 
of Pipe 
in lbs. 


Devia- 
tion 
which 
may be 
allowed 

In 

Weight 

iniba. 


Safe 
Head of 
Water In 

fyei. 


BorsUng 

Prettore 

in lbs. per 

sq. In. 

taiBlle 

strength 

taken at 

16.000 lbs. 

per sq. in. 


n 


•250 


e 


2-75 


•20 


42 


2 


1150 


.5000 


2 


•250 


6 


2 


•75 ' " 


•20 


56 


2 


863 


.3750 


3 


•250 


9 


2 


•75 


20 


80 


3 


575 


2500 


3 


•375 


9 


2 


75 


'20 


120 


4 


863 


3750 


3 


'500 


9 


2 


•75 


•20 


165 


6 


1150 


5000 


3 


•625 


9 


2 


75 


•20 


210 


7 


1438 


6250 


4 


250 


9 


2 


•75 


•26 


110 


4 


431 


1875 


4 


375 


9 


2 


75 


26 


160 


6 


647 


2812 


4 


•500 


9 


2 


•75 • 


•26 


210 


7 


863 


3750 


4 


•625 


9 


2 


75 


•26 


260 


8 


1078 


4687 


5 


250 


9 


2 


75 


•26 


135 


5 


345 


1500 


5 


375 


9 


2 


75 


26 


195 


7 


518 


2250 


5 


•500 


9 


2 


75 • 


•26 


270 


8 


690 


3000 


5 


625 


9 


2 


75 


26 


330 


10 


8(>3 


3750 


6 


375 


9 


2 


75 


•26 


230 


7 


431 


1875 


6 


-500 


9 


2 


75 


•26 


255 


8 


575 


2500 


6 


•625 


9 


2 


75 


26 


385 


11 


719 


3125 


6 


750 


9 


2 


75 


26 


470 


14 


863 


8750 


7 


•375 


9 


2 


75 


•26 


275 


8 


370 


1607 


7 


•500 


9 


2 


75 


•26 


360 


10 


493 


2142 


7 


•625 


9 


2 


75 


26 


450 


13 


616 


2678 


7 


•750 


9 


2 


-75 ' 


26 


540 


15 


739 


3214 


8 


•375 


9 


2 


75 


•26 


310 


9 


323 


1406 


8 


-500 


9 


2 


75 


•26 


410 


12 


431 


1875 


8 


•625 


9 


2 


75 


■26 


510 


15 


539 


2343 


8 


-750 


9 


2 


75 


26 


610 


18 


647 


2812 


9 


-375 


9 


2 


-75 


26 


345 


10 


288 


1250 


9 


•500 


9 


2 


75 


26 


450 


13 


383 


1666 


9 


-625 


9 


2 


75 


26 


560 


16 


479 


2083 


9 


750 


9 


2 


•75 


•26 


680 


18 


575 


2500 


10 


.375 


9 


2 


75 


26 


380 


10 


259 


1125 


10 


'500 


9 


2 


75 


•26 


500 


15 


345 


1500 


10 


•625 


9 


2 


75 


26 


620 


18 


432 


1878 


10 


•750 


9 


2 


75 


26 


775 


20 ! 


518 


2250 


11 


•500 


9 


2 


75 


26 


545 


15 


313 


1363 


11 


'625 


9 


2 


75 


26 


680 


18 


392 


1704 


11 


■750 


9 


2 


75 


26 


815 


24 


470 


2045 


11 


-875 


9 


2 


75 


26 


960 


27 ' 


549 


2386 


12 


'500 


9 


3 


00 


33 


595 


17 


288 


1250 


12 


625 


9 


3 


•00 


33 


740 


20 


359 


1562 


12 


750 


9 


3 


00 


33 


890 


22 


431 


1875 


12 


'875 


9 


3 


00 1 


33 


1040 


30 


503 


2187 


14 


625 


9 


3 


00 


33 


890 


24 


308 


1839 


14 


750 


9 


3 


•00 


33 


1060 


30 


370 


1607 


14 


875 


9 


3 


00 1 


33 


1230 


35 


431 


1875 


14 1 


00 


9 


300 


33 


1400 


40 


493 


2142 
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Table No. 88. — Showing the Size, Weight, Safe Head, and 
Stexnoth of Cabt-ibom Water-pipes — (continued). 









j 






Devia- 
tion 
which 
nuiybe 
allowed 

in 

Weight 

in lbs. 


1 


Banting 
Pressure 


Inienal 

(Bameter 

of P^M 

in 


Thick- 

neflsoT 

Metal in 

incfaeib 


Length 

ofHpe 

In work 

in 

feet 


Depth of ; Thick. 

Socket 1 nesfof 

in Joint in 

f&dwa inches: 


Weight 
ofBpe 
in lbs. 


Safe i 
Head of 
Water in 

feet 


in lbs. per 

sq. In. 

tensile 

strength 

taken at 

15,000 lbs. 


















per sq. in. 


15 


•625 


9 


300 


33 


945 


27 


288 


1250 


15 


•750 


9 


3 


•00 1 


33 


1125 


32 


845 


1500 


15 


•875 


9 


8 


00 


33 


1315 


35 


403 


1750 


15 


100 


9 


3 


00 


•33 


1495 


40 


460 


2000 


16 


•625 


9 


3 


-50 


•33 


1005 


28 


269 


1171 


16 


•750 


9 


3 


50 


•33 


1200 


35 


323 


1406 


16 


•875 


9 


3 


•50 


•33 


1395 


39 


377 


1640 


16 


l^t)0 


9 


3 


•50 


•33 


1595 


45 


431 


1875 


18 


•625 


9 


3 


•50 


•33 


1125 


32 


239 


1041 


18 


•750 


9 


3 


•50 


•33 


1340 


36 


288 


1250 


18 


•875 


9 


3 


•50 


33 


1530 


42 


335 


1458 


18 


100 


9 


3 


50 


•33 


1745 


50 


383 


1666 


21 


•625 


12 


3 


•50 


•33 


1750 


50 


205 


892 


21 


•750 


12 


3 


50 


•33 


2075 


56 


246 


1071 


21 


•875 


12 


3 


•50 


33 


2410 


68 


288 


1250 


21 


100 


12 


3 


50 


83 


2855 


70 


328 


1428 


24 


•625 


12 


3 


•50 


•33 


1980 


54 


180 


781 


24 


•750 


12 


3 


•50 


33 


2350 


65 


216 


937 


24 


•875 


12 


3 


•50 


•33 


2800 


70 


251 


1093 


24 


100 


12 


3 


50 


33 


3185 


80 


288 


1250 


80 


•75 


12 




00 


•33 


3080 


78 


173 


750 


30 


100 


12 


4 


00 


33 


3940 


105 


230 


1000 


30 


1125 


12 


A 


00 


33 


4205 


110 


269 


1125 


80 


125 


12 




00 • 


33 


4955 


112 


288 


1250 


36 


•75 


12 




00 


33 


3675 


100 


144 


625 


36 


10 


12 




■00 


33 


4785 


111 


192 


833 


86 


1125 


12 




00 


33 


5195 


113 


216 


937 


36 


1-25 


12 




00 


33 


5900 


125 


239 


1041 


42 


•75 


12 




50 


33 


4365 


110 


123 1 


535 


42 


10 


12 




50 


33 


5645 


120 


164 


714 


42 


1-125 


12 




50 


33 


6300 


130 


185 


803 


42 


1-25 


12 




50 


33 


6940 


140 


205 


892 


48 


•75 


12 




50 


33 


4980 


112 


108 


468 


48 


10 


12 




•50 


33 


6450 


132 


144 


625 


48 


1-125 


12 




■50 


33 


7180 


142 


162 


703 


48 


1-25 


12 


4-50 


33 


7615 


150 


180 


781 



Ab a practical example of the uncertainty of cast Example of 
iron and the difficulty of ascertaining the soundness of ^uron? ^ ^ 
iron castings, a circumstance came under the author's 
attention, when carrying out a portion of the water- 
works of Croydon, which is worthy of being recorded. 
A 12-inch water-main five-eighths of an inch in thick- 

M 
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ness was laid through the district, and the pipes were 
tested, previous to being laid, at the manufacturer's 
works, to a pressure of 500 head of water. The greatest 
working pressure on the main did not exceed 120 feet 
head of water. When this main was first put in operation 
several pipes burst, and on this account it was thought 
expedient to test the main again, which was accordingly 
done, to a pressure equal to 400 feet head of water; in 
spite of this second test, after some few months had 
elapsed, three pipes, each at some considerable distance 
apart, burst simultaneously, causing considerable damage 
to property. It should be observed that this main was 
laid in a porous gravel soil in a trench 4 feet deep, and 
that for some weeks previous to the bursting there had 
• been almost uninterrupted rainfall, consequently the 

ground was thoroughly saturated with moisture, and a 
few hours previous to the bursting of the main there was 
a fall of several inches of snow followed immediately by 
rain. Inquiries made as to the mode of the manu£Gtc- 
DMcription of ture of thoso pipes showed that they had been hastily 
pipes Med, made, and probably too rapidly cooled ; impurities may 
also have been present in the metal which had deranged 
the crystalline process, and these circumstances combined 
to render them "cold-short," and probably "hide-bound," 
and the sudden change of temperature caused them to 
Caowoffkiiure. fly to picccs in a manner analogous to the breaking of 
an unannealed glass by the pouring in of hot water. In 
support of the foregoing view, as to the cause of the 
failure of these pipes, it may be said that they could 
not have failed &om pressure, as the main in question 
drew its supply from a larger main, which was relatively 
not so strong, and, moreover, samples of the burst pipes 
when tested were found capable of sustaining a pressure 
exceeding eight tons to the square inch of section. It 
is, moreover, well known from experience, that cylinders 
Effects of of cast iron have flown to pieces when subjected to any 

of t^peratwnk sudden change of temperature, especially such as cold 
rain or severe frost, and that the majority of breakages 
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in cast-iron water-pipes usually occurs in time of frost, 
a sudden, severe frost being almost sure to cause con- 
siderable breakage of pipes. 

Wrought Iran forms mere or less an essential feature Use of wrought 
in constructions for sanitary purposes. Its use for tubes '"^"^ 
for gas and water, girders, valve gear, tide valves, steam- 
boilers, machinery, and a variety of other purposes, is well 
known, and its value consists in its great strength and 
capability of being easily worked into various forms. 
Like cast iron, it is subject to differences in quality; Vanatiooiin 
it is as a rule divided into two kinds, according to the wrought iron. 
nature of the fracture, one of which is said to be fibrous, 
tough, or " red-short," and the other granular or " cold- 
short" The presence of foreign substances in wrought 
iron has an analogous efifect upon it to that which they 
have upon cast iron ; for example, phosphorus is said to 
render wrought-iron bars "cold-short," while sulphur 
renders them " red-short." Dr. Fairbairn, in his work on ^- Fairhairn. 
Iron Manufacture, says, " The former is the most ductile, 
and is a tough fibrous material, which exhibits con- 
siderable strength when cold; the latter is more brittle, 
and has a highly crystalline fracture, almost like cast 
iron, but the fctct is probably not generally known 
that the brittle works as well and is as ductile under 
the hammer as the other when at a high temperature." 
Of all the qualities of iron preference should be given, Mr.D.KirkaWy 
as Mr. Eirkaldy states, to puddled iron, instead of scrap ^^^(^ iron! 
iron, which latter may be composed of a variety of 
qualities of iron, all of which may dififer as to their 
welding points; when therefore they are worked together 
one portion may be too much heated, and so destroy the 
value of that particular iron, while other portions may 
not be sufficiently heated, and an imperfect quality 
of iron is the result of such amalgamations. All plates Influence of 
and bars, especially when rolled, are much stronger in atr«^, 
the direction of the fibre than in the contrary way. 
The long-continued heating of wrought iron has a ten- 
dency to render it crystalline in character, and to injure 

M 2 
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^"^rrtJOMni (^ its quality. In the mannfacture of wrought iron its 

quality is designated by the number of times the iron 
undergoes working in the course of manufiEM^ture ; for 
instance, it is called best, best best, treble best^ &c., 
according to the number of times it has been worked ; 
but there is a limit to the value of iron so reworked, as 
Mr. Eirkaldy has found that after five or six workings 
the tensile strength of the iron is deteriorated, so no 
advantage results from incurring the greater cost of re- 
^'^°5«mid ^Q'^^g ^^ unlimited number of times. In ordering 
btiuted. wroughtriron work it will be well for the engineer to 

stipulate the breaking weight he expects the iron to 
bear. Many engineers also take into consideration the 
amount of elongation taking place in the specimen before 
fracture. Mr. Eirkaldy, who has given a considerable 
amount of attention to the quality of iron, considers that 
^^^*^SwL ^* ^ better to take into consideration the contraction of 
■hooid binoto^ the area in breaking, because then you will get to know 
Quoution from the quality of the iron you have to deal with, and he 
^* says, ^It seems most remarkable that an element of the 
highest importance should have been so long overlooked, 
namely, the contraction of the specimen's area when 
subjected to considerable strain, and the still greater con- 
traction at the point of rupture which takes place in a 
greater or less degree as the material is soft or hard, and 
the consequent influence this reduction must have on the 
amount of weight sustained by the specimen before 
breaking. The apparent mystery of a very inferior 
description of iron suspending, under a steady load, 
fully a third more than a very superior kind, vanishes 
at once when we find that the former had the benefit of 
retaining to the last its original area only slightly de- 
creased, whilst the latter on breaking was reduced to very 
nearly a fourth of its original area — the one a hard and 
brittle iron, liable to snap suddenly under a jerk or blow, 
the other very soft and tough, impossible to break 
otherwise than by tearing slowly asunder." Therefore, 
in selecting wrought iron for any particular purpose 
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it will be well for the engineer to state tte degree of Degretofcon- 
contractiOD he will expect when it is tested in the ba lUtti. 
breaking apparatus. 

In Table No. 39 some experiments on the strength 
and contraction of metals are given which will aid 
the engineer in the prosecution of his works. It is 

Table No. SO. — Showing the Spbcimc GHAViTr, Tbhsilb aud 
CoHPRESsiTB Stbenoth of various metals. From esperimeats 
by Hr. D. Kibkaldt and others. 



DaKriptloaoIUcUL 


Oravlir, 


pernnt. 




CompnwlT. 
Strength In 
Itx.pwt4.ln. 


Cut BtMl for tools foUDl 
Aodiauiron 1 


7-823 


4-7 


132,900 




BeMemer itcel for tool«, inl 


7-820 


22-3 


111.460 




Ditto coded in oii .. .. 






211.072 1 




7-720 




104,290 , 


Kinpp's itoel bus .. .. 




340 


92.000 ' 








71.180 


Ditto steel pUtes for stiip ^ 




5-4 


93, '200 




Ditto mfld steel pbtra 




10-5 


72,360 




Bloobkim steel boiler-pkitea 




7-1 


85,000 








36-6 


90,600 




Ditto forved ban .. .. 




26-0 


89,700 




Dittophtes 


7'802 


15-2 


96,700 








48-5 






Dittoplates 




13-9 


51.250 




Bowling iron bars „ .. 
Dittoplntes 












II-I 






OlftBgow B bo»t bars .. .. 


7-650 


39-6 






Ditto bc«t boiler-plBtes 


.. 


3-8 


51.340 




Cast iron 










Uitlo 


7-600 




29,120 


143,360 


"Wrongltiron 






_, 


35.000 to 
40,000 


eteel 








200,000 to 


Coitbraaa 


e-400 




18,000 




GDnmot.ll 


8-462 




34,000 






8-G07 




18,800 




Dittu, sheet 


8-780 




30,000 




Tin,p«st 


7-290 




4,500 


16.000 




7-000 




7,400 




Bilver 


10-47* 




40,760 




tiold 


I0-3(!l 




20,400 




•Le^CBtl 


I1-3Q0 




1,800 


7,000 


Ditto, sheet 


11-400 




3.:i60 




At uni in ima, bronze .. 


7-68 




71,650 


130,120 


Platinum, sheet 


2S-000 








Bismatb, cast 


9-822 




3,200 
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TestefofMoer- also advisable to ascertain the nature and texture of 

of the iron. the iron, whether it is coarse or fine, or whether the 

fil)res lie in the direction in which the strain is 

likely to be brought upon the material. For this 

purpose Mr. Eirkaldy introduced a very simple method 

of examining the fibre of the iron. He immersed 

pieces of the metal in dilute hydrochloric acid, which 

acting on the surrounding impurities has the effect of 

removing them, leaving to view only the metallic 

portion of the iron. By a simple test of this kind it 

is easy to ascertain whether the iron is fibrous or 

crystalline. In this country the regulations of the 

Board of Trade Board of Trade with regard to structures limit the 

^teains^on" strcss that any particular bridge or work should bear to 

•tnictures. fiye tous per square inch. This seems about the right 

Dr. Fairbairn's limit for Safety, for Dr. Fairbaim has shown that 

**^^**™°*"**' structures liable to changes of load are not safe when 

subject to a strain of seven tons per square inch of 

section. In all works of engineerings except in cases 

in which the materials are welded together, it is more 

Riveted joints, or Icss uecossary to secure the work by means of rivets 

joints. Bankine has calculated that with rivets and 

bolts which fit accurately the holes in which they are 

Shearing placed the resistance to shearing varies exactly as the 

strength of iron, gectional area of the material in the place of rupture, 

and may be taken as 32,500 lbs. per square inch for 
cast iron, and 50,000 lbs. per square inch wrought 
iron. Dr. Fairbaim calculates that in consequence of 
the punching of a plate the strength is reduced as 
follows : — 

Relative Assmniiig for the strength of the plate 100 

strength of The strength of the double riveted joint will be .. 68 
riveted jointe. And that of the single riveted joint 46 

Rule for riveted For riveted joints some engineers advise that the 
^°*° * diameter of the rivet used should be twice the thickness 

of the plate, and the pitch or the distance from centre 
to centre of rivet should be two-and-a-half times the 
diameter of the rivet. This rule makes the rivets 
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rather stronger than the plates. To arrive at perfectly 

correct results the tensile strength of the plate between 

the rivet holes and the shearing strength of the rivets 

should be equal. The tensile strength of good Stafford- strength of 

shire or Yorkshire plates, after allowing for the weakening 

of the plate by punching, may in practice be taken at 

18 tons per square inch, and the shearing of the rivet 

at 25 tons per square inch. Wherever great strength 

of joint is required double riveting should be resorted i>oabie 

to, and in bridge work chain riveting is used. Both cast 

and wrought iron are affected by the influence of frost, influence of 

being much more brittle in time of frost than at higher S^^T/*'""*^** 

temperatures. The practice of galvanizing wrought and 

cast iron, which is common in sanitary works, somewhat 

impairs the strength of the iron, but as the oxidation of Oxidation to be 

all ironwork should be particularly guarded against, or ^^^^ 

otherwise rapid destruction will follow, galvanizing 

forms one of the best protections when iron is brought 

into contact with sewage or the moist air of sewers. 

Steel is another form of iron. In its chemical com- 
position it stands midway between that of cast and 
wrought iron. Steel is largely used for the bearings of Use of steel, and 

!• j» -I A ^j. xi jTixits manufacture. 

machinery and m cases where great strength and bgbt- 
ness of structure are required. In the manufacture of 
steel the object to be gained is either to carbonize 
wrought iron, or to decarbonize cast iron. The process 
now generally adopted, known as Bessemer's process, is BessemeiU 
one that has caused a complete revolution in the manu- P^ ****"* 
facture of steel. It has already been shown that cast 
iron contains from 2 to 4 per cent, of carbon. If this 
carbon be reduced to 1 per cent, and the metal freed 
from other impurities, we have steel. The Bessemer 
process consists in decarbonizing cast iron as distin- 
guished from the older process of carbonizing wrought 
iron. The mode of operation consists in forcing air and 
steam through the molten cast iron in a suitable vessel, 
when the heat generated by the combustion of the 
carbon in combination with the cast iron is so intense 
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Heatoa'i 
prooeu. 

Salti of iron. 



Uw of copper. 



as to keep up the operation without the aid of any fur* 
ther fuel. Owing to the impurities in the iron and the 
diflSculty of arriving at a proper amount of decarboniza- 
tioUy it is found desirable in practice to make a selection 
of pure irons for the manufacture of steel by this pro- 
cesSy and to completely decarbonize them, and then to add 
a quantity of iron containing a known amount of carbon. 
This process is now so satisfactorily performed, that 
metals of uniform quality and strength can be produced 
with the greatest certainty, and the cost of production is 
even less than that of wrought iron when manufSeustured 
by the old plan. Steel and wrought iron are also made 
by Mr. Heaton's process, which consists in at once con- 
verting cast iron by the use of nitrate of soda into iron 
or steeL The salts of iron have been largely used for 
the deodorization and precipitation of sewage matter, 
and also as a disinfectant 

Copper is a metal that is used in sanitary works, more 
especially in connection with waterworks and the in- 
terior fittings of houses, as for the construction of baths, 
hot-water apparatus, floating balls for cistern valves, Ac- 
It IB also extensively used alloyed with other metals, as 
with tin, zinc, and lead. When mixed in the proportion 
of one of tin to nine of copper the alloy is termed gun- 
metal. This metal is extensively used in the bearings 
of machinery, the spindles, nuts of sluices, and other 
valves. Gun-metal is also made by mixing tin and 
copper in other proportions, varying from 1 to 2^ oz. 
of tin to 16 oz. of copper, the former making a soft 
material, and the latter a material of considerable hard- 
ness. When mixed with zinc it forms brass, which is 
used for many purposes in connection with sanitary 
works, more especially for the details of house fittings, 
and for the construction of stop and bib-cocks in con- 
nection with waterworks, A very good alloy for the 

Aiioj for water- construction of water -fittings consists of 14 lbs. of 
^^°g»- copper, 1^ lb. Jead, and 1 lb. block tin. Muntz's 

Munu*s metal, metal, another form of brass, is now extensively used. 



Gun-metal. 



BraM. 
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especially for the protection of ships' bottoms. It con- 
sists of various preparations of zinc and copper, varying 
from 37 of zinc to 63 of copper, to 50 of zinc and 50 of 
copper. The alloys of copper are very much stronger strength of the 
than the original metals when subject to either com- "^*° copper. 
pressive or tensile strains, as will be seen on examination 
of Table No. 39. The salts of copper are largely used Saita of copper. 
for dismfecting purposes. 

Tin is a metal that is extremely valuable for sanitary Use of Ud. 
works, especially for the conveyance of water in its 
pristine purity. It offers great resistance to the action 
of certain ingredients in water which rapidly act upon 
other metals, and lead to serious inconvenience by ren- 
dering the water unwholesome. It is used as a wash 
and lining for pipes of other metals, such as iron, lead, 
&c. The great expense of tin precludes its entire use 
in water-fittings, except to the wealthy ; but it is used 
as a lining for lead pipes, and owing to its having a Tin-lined pipes. 
greater tensile strength than lead, it can be used in 
combination with this latter metal; thus a lead pipe 
with a tin lining may be made equally strong as an 
ordinary lead pipe, and at about the same cost. 

Lead is largely used in sanitary works, especially for Use of lead. 
the formation of small service pipes in waterworks. It 
is made of various sizes and thicknesses, in accordance 
with the circumstances and pressures of water it is to 
withstand, and it is extremely convenient for use in Value on 
practice on account of its ductility. It is also used for tUity. 
the lining of cisterns, and the construction of ordinary 
household pumps, but care in its use needs to be exer- ^«^ ©^ i*^ 
cised on account of the action of some waters upon it, 
whereby soluble salts of lead are formed, which if taken 
up into the system of the water-drinker lead to serious 
internal disorders. The oxides of lead are largely em- Lead used as a 
ployed as the base in most pigments used in protecting P*^;*"*"^ 
iron and wood work. 

Zinc is also a material very extensively used in sani- Use of linc. 
tary works. On account of its cheapness it is ordinarily 
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employed in the construction of ventilating pipes, cis- 
ternSy baths, rain-water pipes, and a variety of ornamental 
purposes in connection with sanitary works. It has also 
been adopted as a coating for the protection of other 
metals as in galvanizing. The objections to the use of 
zinc in connection with waterworks are as great as those 
against lead, as waters which will affect lead will equally 
attack zinc, forming poisonous salts. The salts of zinc 
are largely used for disinfecting purposes, and for the 
preservation of timber, and its oxide is employed as a 
pigment. 

Silver is used in sanitary works to some extent, many 
articles being plated with it It has also been employed 
as a lining for lead water-pipes. 
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In some districts, owing to the treacherous or unstable 
character of the subsoil, it is necessary to make provi- 
sion for securing a good foundation for sewers, as they 
must always be constructed at a certain definite level 
in order to effect their object, and they cannot be carried 
below that level to obtain, at a greater depth, a more 
stable foundation. Therefore, the best mode of provid- 
ing artificial foundations when sewers have to be con- 
structed in unfavourable situations, is a question for the 
engineer to consider. In some cases a good foundation 
may be secured by excavating the sewer trench to an 
additional depth, and afterwards filling it up to the level 
of the sewer with suitable materials. For example, in 
districts in which rubble-stone or boulders are plentiful, 
rough rubble walling may be resorted to ; under other 
circumstances a continuous wall of concrete may be con- 
structed under the sewer ; or, as has been done in the 
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case of the northern outfall sewer of the Metropolis, when 
passing through the marshes below Barking, where in 
order to save the great cost of excavating the ground 
down to a firm formation, piers of concrete were con- Pier found*- 
structed at intervals along the course of the sewer, which ^^ 
were afterwards connected by brick arches, so as to form, 
as it were, a kind of subterranean aqueduct. This kind 
of foundation will be foimd in some cases extremely ser- 
viceable. The arches, as well as the piers, may be con- Concrete arches 
structed of concrete, the earth being excavated so as to 
form the natural centre for the concrete arch. In carrying 
out the sewerage works of Redhill in 1867, the author Example: 
had to contend with very unstable soil in which to con- ^^ * 
struct the sewers, the ground through which the sewers 
were carried in many cases being so extremely soft and 
hoggy as to be dangerous to walk on; yet the sewers 
have been executed in the rotten bog and quicksand of 
this district in a perfectly satisfactory manner. The mode 
adopted was similar to the designs for the foundation of 
sewers, illustrated in Plate No. IV. When the ground Deecnption of 
was moderately solid, an entirely concrete foundation concrete* 
was used, as shown in Plate No. IV., Fig. 1. Where the 'o'^dation. 
ground was more treacherous, three lines of die square 
timber, 5^ inches square, were laid in the trench, which J^"^' 
was excavated to a width of 6 feet in the clear. These concrete foon- 
poles were laid so as to break joint ; on the top of these ^^^' 
poles, or sleepers, closely-wattled hurdles were placed, 
and on these the concrete was placed, as shown in 
Pig. 2, Plate IV. In other cases, when the foundation was 
found extremely treacherous, a similar arrangement of 
fir-poles or sleepers as before was used, but they were 
closely^covered with 3-inch planking, which was securely Pl«nk 
spiked down to the longitudinal sleepers, as shown in 
Fig. 5, Plate IV. Owing to the large amount of water 
present when excavating these works, it was found that if 
for only a short time the operation of pumping was dis- 
continued, the subsoil water would rise and force itself Admittance of 
through the newly-laid concrete or brickwork of the Stoiwer. 
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sewer ; conseqaentl; it became necessary to make pro- 
vision for admitting this water into the sewere during the 
progress of the works, in sack a way ps to allow the 
materials a fair chance of consolidatioa before finally 
excluding the water. This was done as shown in Fig. 44, 




which represents a sewer constructed upon an artificial 
plank and concrete foondation. At suitable interrals 
along the line of sewer ordinary sewer pipes were placed 
upon the planks socket downwards, and afterwards 
filled with clean gravel, a communication being made 
by means of a land drain communicating with the 
bottom of the sewer. The water passed up through the 
planked floor and gravel, discharging itself, free of sand, 
into the sewer ; so that the water, having a free escape, 
did not iujuriouBly affect the work, and pumping could 
therefore be dispensed with after the completion of the 
lower portion of the sewer ; and owing to the small aper- 
tures left for the purpose of receiving the spring water, 
at any time that may be thought desirable after the con- 
solidation of the work, the spring water could be eflec- 
tually shnt out. In Plate No. IV., Fig. 3, is shown the 
design for the artificial foundations of one of the sewers 
of Dantzic, which in some portions was intended to be 
constructed on wattled hurdles, and the other portions 
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on closely-planked foundations. Fig. 4 also represents Description of 
a 2-feet sewer upon a plank and concrete foundation. 
Fig. 5 represents an oval sewer upon a plank and con- 
crete foundation. Fig. 6 shows a longitudinal section of 
a plank foundation for earthenware pipes of 12 inches 
and smaller diameter. Fig. 7 shows a transverse section 
of the sama Fig. 8 shows a plan of a plank foundation 
for sewer pipes of 15 inches and larger diameter. Fig. 9 
represents a longitudinal section of the same, and 
Fig. 10 a transverse section. It is only necessary to Pwcautionsto 
add, with regard to these planked foundations, that in pUnk foonda- 
cases where single planks are used for the foundation ^^"'* 
of a sewer, as shown in Figs. 6 and 7, a cross-sleeper 
should be laid under the ends of the planks; or, in 
cases where two planks laid side by side to form a 
foundation, as shown in Fig. 8, the plank should be 
laid to break-joint and at the point at which the 
joints are broken a transverse sleeper should be laid 
under the planking. It is also necessary, in order to 
ensure the safety of the sewer, that a sufficient amount 
of material, such as good earth, should be laid over the 
plank foimdation, so as to prevent the pipes taking a Pip* moit not 
bearing from socket to socket, and so act as girders with ^ 
the weight of the superincumbent earth upon them. 
The pipes should bear uniformly on the plank, and to 
secure this a sufficient depth of good material must be 
laid upon the planks to prevent the sockets touching Artificial 
them. Artificial foundations may be carried out on the conrtnictod for 
foregoing principles for carrying sewers of any size, as ■fwewofany 
it is quite possible to construct a raft foundation of suffi- 
cient area to carry the heaviest sewer over the most un- 
stable ground. It would, however, be weU in carrying ExpenmBnts 
out such artificial foundations that experiments should [obtest 



new 



be made before the work is fully carried out, by first foundaUons. 
constructing a length of the work and testing its capa- 
bility of carrying its intended load, by weighting it to 
an amount equal to the weight of the sewer witli its 
charge of sewage and the ^superincumbent earth which 
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may rest upon it. This test was applied in the case 
Tcrt at Radhili. of BedhiU, and it was found that for a sewer 3 feet 

by 2 feet 6 inches internal diameter, constructed in 
ground which would not bear men to walk upon with- 
out sinking, that with an artificial foundation 6 feet 
wide, when weighted, after fourteen days showed no 
perceptible subsidence, and the work was prosecuted to 
completion, and has not since shown the slightest sign 
of settlement or failure. In some cases, in constructing 
the foundations of sewers it may be necessary to intro- 
duce pilings with capsills and close planking. This is 
especially necessary in the case of an outfall sewer con- 
structed in unstable ground and liable to be under- 
mined by the action of the sea. When it is necessary 
to construct pile foundations, experience alone can 
guide the engineer as to the best mode of procedure 
in such cases. 



Pile fonnda- 
tk»t. 
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In carrying out works of sewerage one of the most 
important points for the consideration of the engineer 
is the proper mode of forming the junctions with sewers. 
In the early sewerage works of this country the ordi- 
nary house-drains were usually placed at a level from 
18 inches to 2 feet above the invert of the sewer, in 
order to ensure the drains being kept open or free from 
the deposit which it was known would surely take place 
in the imperfectly constructed sewer work of that period ; 
but now that the principle of forming sewers is better 
understood, and as sewers ought not now to be any 
longer liable to accumulations of deposit, and as the 
mode of forming junctions very materially influences 
the working of a system of sewers, this work should be 
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performed in a proper and scientific manner. It ehoald 
be laid down as a rule that branch sewers, or drains 
communicating with sewers, should be made to dis- ^^"J^ 
chai^ into the main sewer in the direction of the esta- aewm in 
bliehed current of the sewer, and that the velocity of ^^|^ 
the discharge of the subsidiary sewers or drains should comat. 
at least equal that preyailing in the main sewer. Eight- Kght-mgU 
angled junctions, both lateral and vertical, have been 
and are still used for forming the junction with sewers ; 
such junctions, however, have the effect of producing 
eddies, which check the flow in the sewer, and lead to 
injurious accumulations of deposit. 

The effects of such a junction may be explained by 




represents the direction and force of the branch stream, 
the tine CB representing the force or momentum at 
the stream in the main sewer, by completing the paral- 
lelogram A, B, C, D, the diagonal D B will represent 
the force and direction of the combined current, show- 
ing the effect of such a junction would be to cause the 
stream of sewage to impinge upon the sewer at E, 
whereby the velocity of the stream through the sewer 
is diminished as a portion of the velocity or momentum 
is expended in causing eddies, and experience shows 
that such eddies lead to the accumulation of deposit Eddinit 
above the point of junction, the cause of which is due ^^ ' 
to the flow from the branch sewer, which has a ten- 



iaclbttmn 



17« 

dencj to came the aevage to rise at the appcBte ride 
of the Bev^ or at E, and die oootiniiitT 4^ the incHDed 
plane, whit^ ihoold maik tiie eartace ot the flowing 
itieam throt^ the aewer, is broken, so that the portioa 
betwem B and C i§ leas inclined, or may be level, or in 
tome caaea may have a fall against its proper head. The 
oonaeqaence of thia is that the velocity of this portion 
of the sewer is materially diminished, and d^Msh takes 
place. An examination of sewers, ocxmeedng at right 
angles, shows that invariaUy a shoal is formed above the 
point of junctioD, Hiifiinwliing ia depth as it advances up 
the stream. Fig. 46 shows a rightranglejanction entering 

Fio. 4& 




at the crown of an ordinary pipe sewer. In this wood- 
cut the effects are shown by tiie ieiKmt at A A, which 
is always greatest on the ap-stream side. Fig. 47 shows 
a janction entering at lees than a right angle. 




It will be seen, by completing the parallelogram 
A, B, C, D, in this ease, that the more acute the angle 
the less disturbance will be caused by the flow of the 
branch sewer, as the point E is removed a considerable 
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distoDce down the sewer, but with a cnrved joDction, parnd 
as showD in Fig. 4S, which is cooBtnicted "by a 




cnrve tangeot to the direction of both sewers, eddies 
are avoided, and when the radius of the curve is 
great the diminution of the velocity is almost inap- 
preciable." It is customary in practice, when curved 
junctions are formed, to give the branch sewer or drain 
a rather greater amount of fall in the curve, in order to Cnir* in jnnc- 
make up for the resistance of the bend. Junctions iocnsied fail. 
made at points above the flow of the ordinary water- 
line in the sewer, even when joining the sewer at an 
angle, act prejudicially in causing eddies by diminish- 
ing the velocity. For example, a junction made in the Effi«t o'jonc- 
croirn of the arch of the sewer, produces the same effect of mwct. 
upon the flow as a junction at right angles ; as shown in 
Fig. 46, because a body of water falling from a height 
on to the surface of a flowing stream, retards the velocity 
in the same way as a rightrangle junction. The proper Proper pontion 
position for a junction is within the water-line, but not eniaiagMwm. 
BO low that the flow from it would be checked by the 
sedimentary deposit that wilt be rolled along tiie bed of 
the sewer. It will be seen that when junctious are bo Edkt iif^^ 
placed that the outfall of a house drain will be below d,aiQ,_ 
the water-line, the drain will be trapped at its outlet, 
and therefore the ventilators of house drains cannot 
judiciously be used to ventilate seweis, and moreover 
house drains, by reason of the sealing of their outlets, 
require special means for ventilation, in a manner 
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hereafter described.* The junctiooB between brick 
sewers, and pipe sewers, or house drains, shonld be 
formed by the use of a proper junction block, as shown 
in position in the sewer in Fig. 49, a section of the 
block used is shown in Fig. 50. 
Via. 19. 




ObjectloDi to 
pipe*' " 



These blocks may be built into the sewer as the work 

proceeds, or may be inserted afterwards. Such blocks 

are made of fire-clEiy, or of stoneware, and the branch 

enters the sewer in an oblique direction, and forms the 

best mode of terminating pipe sewers or drains with 

_ brick sewers; otherwise, where pipes are used to form 

liiDctioiu with" the junction, it is generally necessary to cut them to 

"""' fit tiie brickwork at the proper angle, and in cutting 

pipes the work is not usually so carefully done but that 

some imperfection remains, which detracts from the 

Hodvorfbrmiiig merit of the work. The junctions of pipe sewers, or 

pip« Kwen! drains with pipe sewers, when curred, are struck from a 

centre at right angles with the centre line of the pipe, 

the inside of the straight pipe meeting the inside of the 

branch at a tangent on a radius line from which it is struck. 

Where more pipes than one are required for forming a 

junction, the end of each pipe should, when mannfac- 

* Tide fage 130. 
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tured, be cut to the radius of the curve with which they 

are described. The greater the radius of the curve used ^^^^ "^i°» ^^ 

, curve the best, 

in forming a junction with a sewer, the less will be the 
resistance offered to the flow, and the more perfect will 
be the work. Where sewers are laid in straight lines they Circumstances 

under wnicli 

may communicate at right angles when they discharge right nugies 
into manholes the outlet from which is placed at a lower m*ybe allowed, 
level than the inlet. This arrangement requires extra 
fall to be taken at the manholes, in order to secure the 
advantages of having the sewers laid in straight lines 
for facilitating the purpose of examination. The junc- Junctions of 
tions between brick sewers and brick sewers, when tt4\^'" 
sewers are of nearly similar size, are formed as shown --"^ 
in Plate No. III., Figs. 7 and 8, which show the ar- 2?*^'??*®';,®/ 

o o - - .1 1 Pi»*« No. III. 

rangement of forming junctions where two or three 
sewers join with one main sewer. The plan usually Use of bell- 
adopted is to construct a bell-mouth, which receives 
the sewer at its largest end, and gradually diminishes at 
the lower end to the size and shape of the sewer, which 
will convey the whole volume to be discharged; but 
where small sewers meet larger sewers they usually join Junctions of 
with a curved junction, as shown in the woodcut. Fig. 48. sewen. 
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In all works of sewerage it is important that arrange- Flushings 
ments should be made for flushing the sewers in order "®^*^'^* 
to keep them thoroughly cleansed and in efficient 
working order. It has already been shown that a 
certain velocity of flow is necessary to prevent the 
deposit of sedimentary matter in a system of sewers. 
Now as every sewer has, more or less, an intermittent intermittent 
flow, and in some cases, especially as in that of sewers 
receiving rainfall, the volume flowing through the 

N 2 
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sewer may at times be so small, when compared with 
the size of the sewer, tliat such a retardation of the 
natural velocity may arise as will lead to the deposit 
of sediment. It is therefore at periods when the 
flow of sewage is at its minimum, that the arrange- 
ments for flushing are most beneficial. The works 
necessary for flushing sewers have for their object the 
maintenance, for a sufficient time, of an efi*ective velocity 
through them, so as to remove any deposit and to 
cleanse the sewer. This velocity may always be created 
by the discharge of a sufficient volume of water or 
sewage through the sewer. In practice it will be found, 
that it is not necessary, in ia. well-devised system of 
sewers, to provide for flushing purposes a volume equal 
to the full discharging capacity of the sewers, as theo- 
retically a better velocity is provided with a smaller 
volume, for by reference to Tables 16 and 17, at pages 
66 and 68, it will be seen that an oval sewer running 
two-thirds full, has a greater velocity than the same 
sewer has when running full. The volume required to 
get good flushing power is therefore considerably less 
than the full discharge of the sewers, as will be seen by 
reference to Table 20, at page 78, which shows the 
relative areas of the channel, and Tables 22 and 23, at 
pages 82 and 84, show the relative volume discharged. 
As an example, a sewer 2 feet by 3 feet, laid at an incli- 
nation of one in a thousand, when running full, will have 
a velocity of 141 feet per minute, and discharge 648 
cube feet in same time, while the same sewer running 
two-thirds full will have a velocity of 148 feet per 
minute, and discharge only 447 cube feet in the same 
time. Circular sewers have theoretically the same velo- 
city of flow when running half full as when they run 
full ; and although it may appear paradoxical, there is a 
point in the flow of all sewers when they discharge 
more than when running full. .Various plans have been 
suggested and adopted at difierent times in order to efiiect 
the flushing of sewers. Mr. Roe, when surveyor of the 
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Holbom district, introduced the system of dammiDg 
up the sewage within the sewers, and then suddenly 
liberating it, so that the ordinary sewage itself became 
the natural agent for flushing the sewers. Independent Additional 

T o J. /•^./••ij' "I water supplies. 

supplies of water are now often furnished m such quan- *^ 

tities as to increase the ordinary flow, accelerating 

the velocity to such a degree as to cleanse the sewers. 

When the ordinary sewage of a town is to be made 

use of for the purpose of effecting the flushing of the 

sewers, special flushing gates or sluices are fixed in the Flushing gates. 

sewers, which when used have the effect of damming 

back or heading up the sewage in the upper reach 

or section of a system of sewers, and then by suddenly 

liberating it into the lower reaches the flushing and 

cleansing of the sewer is effected. Flushing gates Description 

A • t * A * 1 1 11*0^ flushinfr 

are of various descriptions, and may be worked m gates. 

various ways. They are made as half, three-quarter, 

and whole gates, just in proportion as they fill the 

sectional area of the sewer. Some engineers prefer 

the use of half-flushing gates, as shown in detail in 

Plate V. Half, and three-quarter gates have this to Advpntages of 

recommend them, that if the flushing party neglect to flushing gates. 

remove the dam at the proper time, no serious evil 

will arise, as the ordinary sewage would escape by 

flowing over the gate, and pass away into the lower 

portion of the system of sewers without causing any 

damage. Whole gates are used when a large volume 

of sewage is required to be dammed up in order to 

secure a sufiScient volume to produce the requisite 

velocity in the sewer to render it self-cleansing, and it 

is advisable to use such gates when sewers of compara- Whole gates, 

tively small size are constructed at small inclination. ^LoSd boused. 

Such a gate is illustrated in Plate VI. All flushing 

gates are usually worked by being closed against the J^^^**^ ^^. 

current, and when not self-acting are fixed in position 

by a stay having a cam head working in a cast-iron 

trough, as shown in Plate V. Fig. 1 in this plate shows ^"^"g^^ y?^ 

the plan with flushing gate fixed across the sewer and 
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Plate No. V. secured by the stay. Fig. 2, is a section. Fig. 3» 

front elevation of the gate. Figs. 4, 5, 6, 7, and 11 
show the details of the flushing gate and its cast- 
iron frame. Figs. 8 and 9, details of cast-iron trough. 
Fig. lOy details of the stay -and cam for fixing the 
gate in position. After the gate is fixed and the 
sewer is filled to the proper extent, the flushing man 
strikes the stay upwards, when it slides along the 
trough owing to the pressure of water opening the gate 
80 soon as the cam is liberated^ and the whole of the 
pent-up charge of sewage is precipitated to the lower 

Flushing gat«8 reach of the sewer with a considerable velocity. In 

worked from , v i j j j a^i 

street lerei. cascs whcro wholc doors are used, and the sewer is 

running nearly full, to obviate the inconvenience that 
would arise to men approaching the door, a rack and 
pinion movement should be provided, which is connected 
with the flushing gate, and is worked from the street 
DeMriDtion of level, as showu in Plate YI. Fig. 1 in this plate shows 
Plate No. VI. ^^ pj^^ ^l|.|^ ^^ flushing gate fixed in position across 

the sewer : the stay in this case is attached to a rack 
that slides in the fixed trough. Fig. 2 shows the 
section of the gate and stay when fixed across the sewer. 
Fig. 3, front elevation of the flushing gate. Fig. 4, 
plan of the shafts showing in the angle the spindle 
and ratchet apparatus for fixing the door. Fig. 5 shows 
mode of guiding and staying the spindle by which the 
apparatus is worked. Figs. 6 and 7 show a section and 
elevation of the rack and pinion movement. Figs. 8 
and 9 show sections of the trough and rack and pinion 
movement. Figs. 10 and 11, the details of the ratchet 
movement for securing the flushing gate in position. 
This gate is fixed in position with a key from the street 
level, and when it is shut it is secured by a catch 
working in a ratchet fixed on this spindle near the 
street level, the pressure of water on the gate throws 
the strain upon the spindle, which is kept from moving 
by the catch before referred to, but so soon as this 
catch is liberated, ttie spindle revolves, the rack slides 
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back, and the gate opens. Occasionally these flushing SeiP«cting 

■*• ti* ' fluflhing gates. 

gates are connected with a self-acting apparatus, so 

that they shall open themselves at the proper time, or 

so soon as the sewer behind the flushing gate has filled 

to the requisite height. This arrangement is shown in 

Plate VII. Fig. 1 in the plate shows the plan of a Description of 

self-acting flushing gate. Figs. 2 and 3, sectional 

elevations of the same. In this case the door is fixed 

by the stay A, which is provided with a rule joint 

shown at X. When the sewage in the sewer has risen 

to the requisite height, it begins to overflow by the 

pipe B, and to fill the chamber C, and so soon as 

the volume in this chamber is sufiScient in weight to 

overbalance the counterweight shown on the same 

shaft, it falls, and in falb'ng a part of the apparatus 

strikes the stay upwards at the joint, which when once 

deflected out of the straight line in which it was fixed, 

is no longer capable of withstanding the strain upon 

it, and the pressure of water behind the gates completes 

the work by causing the joint in the stay to give, and 

so the e^td opens to its full extent. A very simple Tilting 

form of self-acting flushing gate is shown in Figs. 51, "« k* • 

52, and 53. 

Fia. 51. 



l.TT 




Fig. 51, showing plan of gate. Fig. 52, its vertical 
section, and Fig. 53, its front elevation. 

This gate is hinged below its centre, and somewhat 
resembles a large throttle-valve of a steam-engine. 
The ordinary pressure of the sewage on that portion of *'^,^g tiuj^g 
the gate marked A, which is below the hinge or pivot flushing gates, 
in which it turns, tends to fix the gate in position, but 
so soon as the sewage rises above the level of the pivot, 
it relieves the lower portion from pressure, and as the 
area of the gate marked B above the pivot is greater 
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than the area below, a point is reached when the pres- 
sure on the upper portion of the gate overcomes the 
pressure on the lower portion, and the gate tilts and 
the sewage escapes. The upper portion of these gates 
being made heavier than the lower portion, when the 
gate tilts, it falls upon catches provided, and remtdns 
horizontally in the sewer, as shown by the dotted lines 
in Fig. 52. Flushing gates are usually provided with Seatings of 
lead seatings and V faces, lead being more durable 
than any other description of metal, not being so 
liable to be acted upon by the sewage as other metals. 
The working parts of self-acting flushing gates should ^**^l^°te^** 
all be bushed and cased with gun-metal, or other- biuhed. 
wise they are apt to get fixed in the work. For small 
sewers the author has used an earthenware flush* 
ing block, which is built into the head of every sewer Earthenware 
running out of a manhole, as shown at A in Fig. 54. ^"^"'^ "^•• 

Pio. 54. 



';V 






These flushing blocks have a ground face, against which 

a wooden disk B is placed. The pressure of the water i>McripUon of 

tends to fix the disk in its position, and the disk is djakfluhiDg. 

connected to a chain, and to guard against neglect the 

float C is fixed on the chain, so that if the difik i& \s& 
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fixed in the sewer, so soon as the manhole fills with 
sewage to such an extent that the float begins to swim 
by its power of flotation, it liberates tlie wooden disk 
from the mouth of the sewer and the sewage escapes 
to the lower level. The earthenware blocks were in- 
troduced on account of their being more durable than 
metal when in contact with sewage. It is an advantage 
in a system of sewers to make as much provision 
as possible for flushing the sewers, but as fixed flush- 
ing gates form an expensive item in an estimate, 
they should be used at long intervals apart, and at all 
the intermediate manholes grooves should be formed 
in the brickwork for the reception of boards, so that 
a ready dam can at any time be formed for flushing 
purposes. Where flushing arrangements are provided, 
it is advisable, as a means of security, to provide over- 
flows communicating above the flushing doors with the 
lower portion of the sewer ; so that, if from neglect or 
accident, the doors remain fixed, the sewers may be 
relieved of pressure, and the sewage may be allowed to 
escape without flooding the low-lying portions of the 
district in which the sewers are located. It may be 
here noted that the flushing gates which have already 
been spoken of are not applicable for flushing the upper 
portions of a sewer, and it is requisite that arrange- 
ments should be made for efiecting the flushing of the 
sewers at their upper ends. For flashing the heads 
of sewers, tanks are usually provided, the contents of 
which are periodically discharged by means of a plug 
or valve similar to that shown in Plate VII., Figs. 4 
and 5. In some cases where tanks are used at the 
upper ends of sewers, they are made self-acting, as 
shown in Plate VIII. Fig. 1 represents the plan of 
the tank and discharging apparatus. Fig. 2 shows the 
section of the tank and apparatus with the valve closed, 
and Fig. 3 shows the apparatus with the valve open. 
The apparatus acts as follows. So soon as the water 
rises to a certain level in the tank, it overflows by the 



■u.»- 



> 



BALDWIK LATJAlfS SASlTAlg ESGJSF.) 



FLATE S^ vm. 



FUrsRISf, TASK. 




;o 



■>iOZI 



Li-niii E IlF H r.ofai. 4a. rhinnfe ra 



T 



I 

4 



*, 






^ 



BALDWIN LATltAJi'S SANITARY KKGIN'KKr.lSG. 



PLATE y; vni. 



FLirsmXG TANK. 






Figrz. 



Fuf.3 





mM. ':-^3^^^m^mmm 





Fufl 




Lonln: E IlT U Swa, 4&.rjMrB4> fVr.>». 




•^ LA •S in>.\aafc 



^•- 




,. E tr !f Sjco, «,ai«iiii4 



iALDWlg LATriAtfS !iAX ITAKVKN CJ VKf; : 



PLATE IT.' vm. 



FLirSHIKG TANK. 




f;jcE] 



Lmiu E ikr II L^T-.ta "■ranT^'',! 



FLUSBIHO ARRANOEHENTe OF SEWEBS. 



187 



pipe B iiito the chamber C, and the accumulatioB of 

water in this chamber overcomes in time the resistance 

of the counterweight fixed in tlie same sliaft, when the 

chamber C falls and opens the valve A and discharges 

the contents of the tank into the sewer. A very useful Tilting u 

tilting flushing apparatus is shown in Fig. 55. It 

consists simply of a lank moving on tninnions. When 




empty this tank would remain level, as the portion B 
behind the trunnion is heavier than the portion A 
before the trunnion, but when the tank fills with water 
or sewage the portion A becomes the heaviest, and the 
consequence is the tank tilts, discharging its contents 
suddenly into the sewer below, and afterwards righting 
itself ready to receive a fresh charge. In some districts 
water is taken direct from the fire-plugs on the water- 
mains and admitted into the sewers through the lamp- 
holes or manholes in sufficient quantity to flush the 
sewetB. In other eases special supplies of water are o^rtuT 
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often provided for flushing, as in the case of Dantzic. 
The upper ends of some of the sewers are flushed by 
means of water brought by special pipes from a stream 
in the neighbourhood, as shown in the general plan of 
the works, Plate No. I. In this case the water is 
admitted from these pipes into the sewers by means of 
a valve closed with a lever and weight similar to that 
shown in Plate X., Fig. 2. In other portions of 
Dantzic, as the sewers are constructed at a level below 
the ordinary water level of the river, and of the streams 
intersecting the town, water is admitted into the sewers 
for flashing purposes by means of valves communi- 
cating with the river or other streams as shown. Plate 
X., Fig. 1, shows the plan of the valve. Fig. 2 shows 
a section of the same. Fig. 3, elevation of front of 
valve. Fig. 4, the slotted link for opening valve. 
Fig. 6, the plan showing arrangement of fixing valve. 
Figs. 6 and 7, elevation and section showing fixing of 
valve. Fig. 8, grating for protecting valva In this 
case the valves are protected by a grating in the front 
against the entrance of sticks, or other matter liable to 
choke the sewer. For this purpose a small wooden 
chamber is made outside the valve, and in the outer 
framework two grooves are formed similar in construc- 
tion to an ordinary wooden sluice frame. In each of 
these grooves a grating, or sluice door, can be inserted 
at pleasure ; the object being, that if the grating gets 
choked below the water level, another grating can be 
placed in the spare groove while the other is removed, 
or a sluice-door may be inserted in the groove in order 
to enable the valve to be taken out for repair. The 
operation of flushing sewers should be commenced in 
the lower portions of the district, and the work pro- 
ceeded with from the lower to the upper, the sewers 
in the highest portions of the district being the 
last to be fluslied. In introducing flushing arrange- 
ments in which the sewage itself is to form the 
motive power for flushing, care must be exercised. 
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Otherwise it will be found that the damming up 
of a volume of sewage for a considerable time will 
lead to the deposit of sedimentary matter, which, 
when the flushing gate is open, will accumulate some 
short distance below it, and for this reason it will 
be well to combine in the system of sewerage more More ^^<^9 
than one mode of effecting the flushing. Sewers be adopted, 
are more thoroughly cleared with pure water than 
with sewage. The admittance of rainfall into sewers Value of rain- 
is of considerable value as a flushing agent. In all '^^ 
flushing it is necessary not only to remove the deposit, ';. 

but also to wash the sides of the sewer free from 
the mucous matter which adheres thereto, and in RemoTal of 
which so much lurks that is dangerous to life and 
health. In periods of epidemic disease flushing of 
sewers should be frequently practised, and when flushed 
they may be disinfected witji advantage. The advan- 
tages and results of flushing sewers were very clearly 
demonstrated by Mr. Koe, the author of the system, in ^?!^ **^ 
several reports on the subject. The following extracts 
are taken from the first report of the " Health of Towns 
Commission." 

" Taking it as affording the best approximation that Mr. Roe's 
we can at present find, a series of experiments was 
commenced in order to ascertain what velocity could be 
obtained in the sewers; and it appeared that deposit 
might be removed, by the means of dams placed in 
certain situations to collect heads of water, at less ex- 
pense than by the usual metliod. 

** Another series of experiments was made for the Amount of 

- . , f . , . ^ matter present 

purpose of endeavouring to ascertain the proportion of in sewage. ' 
decomposed animal and vegetable matter, and detritus 
from the roads, carried through the sewers to the river 
Thames by the common run of water. Several square 
boxes were constructed to hold one cubic foot of water ^ 

each. These were filled with water from different 
sewers. After sdlowing the turbid water to clear itself 
by precipitation, 1 ascertained the relative amount of 
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the precipitate. The following were some of the 
results : — 
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The nm of water was 10 inches in 
depth and 10 inches in width, having 
an average velocity of 83*4T fieet per 
minate, passing 692*8 cabe feet of 
water per minate; the matter con- 
veyed being 1'2l cube t&A per minute, 
or 103,660 cabe yards per sanam. 



Fleet aewer. 



Qaantitj of 
matter 

transported b j 
■ewers. 



" The river Fleet sewer conveys the drainage of 4444 
acres of surface, or about four-sevenths of the surface of 
these divisions. That great quantities in addition to 
the above are carried away by the force of water in rainy 
weather is certain; allowing this source, and the re- 
maining three-sevenths of the district to only equal the 
discharge by the river Fleet sewer, there appears to be 
a quantity of upwards of 200,000 cube yards of matter 
carried to the Thames, per annum, from these divisions 
in mechanical suspension, and by the force of velocity, 
weight, and volume of water. The quantity of deposit 
taken from the sewers in these divisions, by the preva- 
lent method of cleansing, has averaged about 2200 
cube yards per annum ; therefore the quantity flushed 
to the Thames,, by the flushing apparatus, is as 1 to 100 
of that which was already conveyed by the force of 
water. 

" Some experiments were made with the water taken 
from the sewer at the top and bottom of a long street 
having numerous courts and alleys on each side. The 
following is the result : — 

" At the upper end of the street matter held by the 

water in mechanical snapension 1 in 96 

** At the lower end of the street Iin39 

Proportion of w jj^ another main sewer, where the run of water is 
water removed, always sufficient to keep it clear from deposit, the pro- 



Amount of 

matter present 
varies in length 
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portion was 1 in 80, composed of equal proportions of 
decomposed animal and vegetable matter, and silt or 
detritus from roads and streets. In another main line 
of sewer, kept always free from deposit in a similar 
manner, the proportion was 1 in 66, the proportion 
of decomposed animal and vegetable matter being 
greatest. 

** The next experiments were made with the intention 
of ascertaining what quantity of matter would be carried 
away (in addition to that held in mechanical suspension) 
by the transporting powers of bodies of water ponded 
back and suddenly set in action. The result may be 
stated as follows, viz. — 

"l8t. A two-feet head of ( ^^P^* ^ sewer composed of 
^ < soft mud and aU descnptions 
I of filth and a littie silt 

" The proportion of matter carried away by the united Volume of 
action of the weight, velocity, and volume of the water, ^'1^'^^,^ 
was as 1 to 6^ of water. This was conveyed 2400 feet to fla«Wng- 
a main line of sewer which has a body of water con- 
stantly passing through it with sufficient force to keep 
it always clean ; the only signs left of the passage of the 
loaded water was a discoloration of the sides of the 
sewer to the height the water of the flush had reached. 

'Deposit in aewer composed of 
smaU pieces of brick, stones 
as large as walnuts, oyster- 

'wati ' '.' r "T "7" .7 ( ^^^ decomposed, animal and 

vegetable matter, and silt 
Proportion of matter 1 in 16 
of water. 

** The Commissioners of Sewers for the Holborn and Flashing 
Finsbury division having satisfied themselves of the Tr?.^ "^'^■ 
advantages of a systematic use of flushing in cleansing 
sewers, have for upwards of three years followed out the 
principle ; the results are such as they anticipated. In 
carrying out the plan the construction of new sewers 
with side entrances, and the inserting side entrances to 



"2nd. A two-feet head of 
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old sewers, the forming gully-holes and shoots on a plan 
that may supersede cleansing as formerly obtained, and 
the delivery of the water through them in such a 
manner as to assist the current of water in the sewer, 
and these and other minor improvements, by the use of 
which there is a saving effected, are carried on in one 
comprehensive system connected with the systematic 
flushing of the sewers. 

** The great principle intended to be carried out is, 
that instead of occasional cleansing as formerly, the 
sewers should, when once cleansed, be kept free from 
deposit The pecuniary saving is, I consider, the least 
advantage of this mode of cleansing ; the great points 
attained are the avoidance of all accumulations of filth 
in sewers and the stirring up in removal, and conse- 
quent disagreeable effluvia is also avoided ; the streets 
and pavements are undisturbed ; the men engaged in 
cleansing sewers have a more healthy employment than 
heretofore ; private individuals are saved from the an- 
noyance of their drams being choked ; and as this plan 
of flushing affects the health and cleanliness of the in- 
habitants, the accomplishment of it, on a general and 
systematic principle, should be deemed of the utmost 
importance." Again, in reporting at a later period on 
the question of flushing, he states as follows : — 

" Tour Commissioners some years back constructed a 
new sewer in Goldsmith's Eow, Shoreditch. Prior to 
letting the contract you directed me to apply to Mr. 
Beek, the Surveyor of the Tower Hamlets, to learn at 
what depth a proposed outlet sewer by that Commission 
would be brought up Warner Place to the junction of 
the two Commissions ; the reply stated a depth of 14 feet 
6 inches; and your sewer in Goldsmith's Row was put 
in accordingly; as, however, the then existing outlet 
(an open sewer) was several feet above the level of the 
sewer put in Goldsmith's Bow, and as the outlet in 
Warder Place was not built for several years, an accu- 
mulation of foul deposit obtained in Goldsmith's Bow 
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sewer, which it was considered necessary to remove when 
the new outlet was brought up ; an order was therefore 
given that men should flush the same away. Before the Example of 
flushing began, the Commissioners of the Tower Hamlets *°^' 
wrote to your Board requesting to be informed when 
the flushing would take place, and Mr. Unwin, their 
clerk, told me that the request was made with a view 
* to ascertain what deposit from your sewers might be 
washed into and lodged in the Tower Hamlets sewer.' 
Openings were made to ascertain the depth of the exist- 
ing deposits in both lines of sewer, and three men were 
then set to flush out the Goldsmith's Row sewer with Flushing with 
wood dams, &c., which they accomplished in three and 
a half days ; the quantity of deposit in which sewer 
measured S5 cube yards, and at the former cost of such 
would amount to 18Z. 15s. lOd. "WTien the sewer had Quantity of 
been washed out, and a number of flushes of water sent 
through the Tower Hamlets sewer to ensure the passage 
of the deposit, I wrote to Mr. Beek to inform him, and 
to say that on tlie Tuesday following it was intended to 
try what efiect a flush of water from the Finsbury sewer Further expen- 
would have upon the Tower Hamlets sewer on the east ™*°*' 
side of the Regent's Canal culvert at Rhodeswell Com- 
mon, a distance of 2 miles and 3 furlongs from the 
Finsbury flushing gate. The means used and the re- 
sults were as follows, viz. : several square boxes (which 
we have before used in experiments of this nature), each 
holding one cube foot of water, were taken on this 
occasion. Some of these were filled from the common Mode of aicer- 
run of water at both ends before the flush was let ofi^, amount of solid 
others were filled with the water after the flush had ""tter in the 
reached the lower end. After allowing the turbid water 
to clear itself by precipitation, I ascertained the relative 
amount of the precipitate ; the following are the results 
and particulars :— 

^' Distance of sewer at Rhodeswell Common from the 
Finsbury flushing gate in the Hackney Road, 2 miles 
and 3 furlongs. 

o 
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" Height of flushing gate, 4 feet 

" Quantity of water headed up for one flush, 26,605 
cube feet 

" Time riequired for head to rise varies from 6 to 24 
hours. 

** Proportion of decomposed animal and vegetable 
matter, and detritus from streets and roads held in 
mechanical suspension : — 

'* Ist. In the water used for the flush . . 1 in SIO 

''2nd. In the common run of water at 
Bhodeswell Common before the flush 
was let off 1 in 540 

"Srd. The proportion of matter in the 
water when the flush was at the highest 
at Bhodeswell Common, carried away 
by the united action of the weight, 
velocity, and volume of the flush water 
added to the common run of water 1 in 80 

''The sectional area occupied by the com- 
mon run of water at BhodesweU Com- 
mon was Sft. IJin. 

" The sectional area occupied by the united 
waters of the flush and common run at 
the same point was 5 ft. 1 in. 

" The velocity of the current of the common 
run of water at Bhodeswell Common 
before the flush 95^ftinlmin. 

" The velocity of the current, when the flush was 
passing Rhodeswell Common, 114 feet in 1 minute. 
The eflfect of the flush began to be felt at Bhodeswell 
Common in 1 hour after the head was let oflF in the 
Hackney Koad, showing a velocity of 209 feet in 1 
minute in the covered sewer. For 42 minutes the 
height of water from the flush gradually increased until 
it reached the highest point, and it continued at that 
point for 13 minutes, when it gradually decreased, and 
in 3 hours' time from the effect being first felt the 
flush ceased to operate at Bhodeswell Common. 

** After deducting the amount of matter held in 
mechanical suspension by the flush of water before let 
off*, and that in the common run of water at Rhodeswell 
Common before the flush reached it, there remains the 
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quantity of 21 cube yards of matter passed from the Quantity of 
Tower Hamlets sewers by the use of this one flush. 

" One of your honourable Board then suggested that Experiment in 
experiments should be made with bricks to see what by flushing. 
distance the flush-water would afifect them. This was 
accordingly done, first with brickbats, and then with 
bricks. After the first flush had passed, the bat nearest 
the gate was found to have gone 261 feet, and the 
farthest 529 feet. By the second flush the foremost 
had reached 1170 feet from the gate, and the hinder- 
most, with one exception, 670 feet. After the third 
flush the whole were found to have passed a distance 
of 1300 feet from the gate. With the whole bricks we 
liad time only for two flushes. After the first flush the 
nearest brick was 248 feet from the gate, and the 
farthest was 760 feet distance. The second flush 
moved the whole of the bricks, the foremost 160 feet 
farther, and the hindermost 40 feet. 

** The time was now come when the holes were to be 
opened for taking the depths of the deposit again ; the 
result of which shows that flushing from the Finsbury Benefit of flush- 
sewers through the Tower Hamlets sewers does not considerable dis- 
increase the amount of deposit in the latter, but the **°*** 
contrary ; and the result of the particulars taken at 
Ehodeswell Common evidenced the fact that the extra- 
ordinary head of flush-water of the Finsbury sewer in 
Hackney Boad is beneficially felt through the whole 
of the 2 miles and 3 furlongs of the Tower Hamlets 
sewer, and doubtless thence to the river Thames." 



VENTILATION OF SEWERS AND DEAINS. 



The evil effects of sewer gas upon public health were EtII eflecta of 
known in the ages of antiquity, for it appears from Jus- to^ncientsr^ 
tinian's Digest, which was completed in the year 555, 
that, quoting Ulpian, " The Praetor took care that all 
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sewers should be cleaned and repaired, for the health 
o( the citizens, because uucleaned or unrepaired sewers 
threaten a pestilential atmosphere, and are dangerous." 
Roman ventiU- It is also plain that the Eomans had a clear know- 
ground oonduiu. ledge of the necessity of ventilation for underground 

conduits, as may be seen in the provisions they made 
in the construction of their aqueducts whenever they 
passed below the level of the ground. On examining 
these ancient works, it is found when aqueducts con- 
toured the side of a hill, " putes," or shafts, were sunk, 
to allow the vapours which arose to be discharged. 
Many of these shafts were steined, and are still in 
perfect order. They were constructed at intervals of 
about 120 feet apart, and served the purpose, not only 
of ventilation, but of ^' admitting light or air, and the 
workmen, also, who were required to repair any de- 
fect, or remove any deposit which, by any circumstance, 
accumulated in the channel " — just in the same way as 
ventilating manholes are now provided in every modem 
system of sewerage. The drainage works of the Coli- 
seum of Bome show that the Bomans had a very clear 
knowledge of what was required for the drainage of a 
large public building. An examination made by Mr. 
Cresy as to the drainage works of this building shows 
that the designer introduced works of drainage as an 
essential feature in its construction. Within its mas- 
sive walls were formed drains hewn out of the solid 
stone, or, in other cases, so arranged in grooves cut 
in the stone work, as to be entirely hidden from view. 
We also find that provision was made for collecting 
the sewage and rain-water, and for the prevention of 
Mode of pre- the vapours or ofifensive effluvia from the drains enter- 
Jntering i^"" i^g the building, for the drains in the outer corridor, 
buUding. which couvcyed away the sewage and rainfall, were 

covered by stone slabs, so arranged as to leave apertures 
at the sides, the space around being filled in with stone 
chippiugs, the drains from the building discharged 
into the space occupied by these stone chips, and the 
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liquid entered tlie sewer after filtering through the 
chippings. These chippiiiga were covered on the top 
with a layer of cemeut so as Pi°- ^■ 

to prevent moisture or odour 
entering the building. In Fig, .* 

56 is shown the mode adopted L^lZJCSd 

of ventilating the drains, and '■^i— : -^ 

it should be observed that j 

every descending drain of the 
entire building is open at its 
head, and that the head of all 
the drains of the building ter- 
minated in the outer corridors 
which were open to the atmo- 
sphere. It may be here noted in 
connection with these ancient 
works that the sewers were 
used to convey fieeal and other 
decomposable matter, and that 
ventilation under such circum- 
stances was an absolute neces- 
sity. In the early drainage 
works of this country the 
sewers were principally used 
for the conveyance of surface water, and ventilation 
was of no material importance ; bat so soon as sewers 
were made to convey foul matter, and to communi- 
cate directly with the interior of houses, the means of 
preventing the_[entrance of sewer gas became a matter 
of vital importance. The ill effects arising from the Evili of Mwer 
non-ventilation of sewers appear after the revival of fil!;^^ 
sanitary science in this country not to have received 
any marked attention ; the reason probably being that 
towns generally were in so bad a sanitary condition as 
to make it difficult to separate the causes which led to 
atmospheric pollution and the propi^ation of disease. 
So general were nuisances, and so impure bad the air of 
towns been rendered, it is not surprising to find that, 
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until sewerage works were carried out^ and the principal 
nuisances had been abated, the ill-effects of non-ven- 
tilation of sewers became apparent. Present experience 
shows that there is somethiug in the air of sewers 
that is dangerous to health, and pestilent to life itself, 
and that it is imperative, by proper ventilation, to dis- 
pose of, or neutralize, the effects of its deadly influence. 
It should be laid down as a rule that aU sewers must 
be ventilated, as unventilated sewers are far more dan- 
gerous than steam-boilers without safety-valves. The 
necessity for the ventilation of sewers is clearly shown 
by the evil effects that have arisen in those districts in 
which no provision has been made for their ventilation, 
or, where the arrangements which have been adopted 
have been imperfect. It is a remarkable fact, but never- 
theless true, that from those towns in which no proper 
provision is made for the ventilation of the sewers, a 
certain type of disease (typhoid fever) is seldom absent 
The normal condition of the generality of houses has an 
important bearing on the necessity for the ventilation of 
sewers and drains. The superior temperature of the air 
of houses, and the draught caused by chimneys, have 
the effect of causing the various traps that are used to 
seal the drains to be relieved from pressure. Conse- 
quently, as there is less atmospheric pressure upon traps 
within houses than upon external traps, and, moreover, as 
many of the traps used within a house have far less seal 
than those usually employed out of doors, when no ven- 
tilation is provided, gases are sure to escape into houses 
as the point of least resistance. The evil effects of the 
want of ventilation were conclusively shown in the early 
sewerage works of Croydon, in which place, no sooner 
were the works of drainage drawing towards completion, 
than the town was visited by an epidemic of typhoid 
fever, which was traced Entirely to the absence of ven- 
tilation in the system of sewers. The mortality of 
Croydon at this period rose from 18*53 per thousand in 
1851 to 28-57 per thousand in 1853. These early 
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sewer works were designed on the principle that all *^^y ■*!'*'^ 
matters were to be so rapidly discharged from the Croydon, 
sewers, and the sewers flushed with such a copious 
supply of water, that decomposition could not take 
place, and therefore it was thought that sewr egas would 
never be present ; but in practice this theory was not 
found to be borne out, and it is a remarkable coinci- 
dence as to the cause of the frequent outbreaks of fever 
in Croydon, which took place at certain intervals until 
the year 1866, when the sewers were thoroughly ven- 
tilated, that diseases which formerly made their haunt Tnmsferof 
in the low-lying districts were transferred, after the lower to higher 
completion of the drainage works, to the highest or ^^^^^^ 
best portions of the town, thereby establishing the 
fact that the presence of the diseaise in the high loca- 
lities was due to something carried in the air of the 
sewers, which, in obedience to a natural law, accumulated 
in the highest part of the district. It may be said that 
as Croydon was sewered on the small-pipe system, the Effect on small 
result of non-ventilation was attended with more marked 
results than is the case in towns where sewers of larger 
size are in vogue, as the fluctuation in the rate of flow, 
and the effect of sudden changes of temperature, which 
have an extraordinary influence on the air of sewers, in 
this case exercised a more marked effect in increasing 
the pressure of the imprisoned sewer air. 

With regard to the results that have arisen when Hesuit of sewer 
ventilation of sewers has been adopted, the case of 
Croydon shows clearly that proper ventilation has 
been attended with very beneficial results. Since the 
introduction of systematic ventilation there have been 
no periodical outbreaks of fever, and the general rate 
of mortality has so declined, that in a district having 
a population of nearly sixty thousand persons the rate 
of mortality rarely exceeds eighteen in the thousand, 
which is a standard of health unparalleled in the history 
of sanitary science, for a district having so large a popu- 
lation. The case of London affords another striking 
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example as to the influence of sewer ventilation. Here 
the sewers are ventilated, though no general plan is 
adopted for dealing with the noxious effluvium escaping 
from the ventilators, and yet London stands at the head 
of all large towns by reason of its small death-rate, which 
has been ascribed by more than one eminent authority 
to the somewhat rude ventilation provided for the 
sewers. 

There are two theories as to the cause of disease. The 
first is known as ** Liebig's theory," viz. that disease is 
due to organic matter in process of decay, communi- 
cating the elements of decomposition. The second 
is called " Pasteur's theory," which ascribes the cause 
of disease to organized germs. Organized forms have 
been found by Dr. Dundas Thompson in the air of 
sewers, but whether disease is due to the presence of 
these organized forms or not, it may be laid down as 
a rule, that in those periods when disease is epidemic, 
and no ventilation of sewers or drains is provided, the 
spread of disease is facilitated by the communications 
which exist through the sewers and drains. Numerous 
cases of this kind have come professionally under the 
author's attention. To take one case. In the year 
1870, an outbreak of fever occurred in a market town 
in Kent, and in making an investigation the author 
found a row of detached houses, in every one of which 
there was fever, and yet no communication had taken 
place between the various occupants. Upon inquiry it 
was found that a case of fever was imported into one of 
the houses, and the disease rapidly spread to all the 
others. On investigation it was found that all the houses 
were drained by one common sewer into a cesspool, no 
provision was made for the ventilation of the drains, 
and a branch drain was brousrht within each house. All 
the drains were either untrapped or imperfect, so that 
any gases present in the sewer or cesspool must pass into 
the houses as the only mode of escape; in feet, the 
method of draining into the cesspool, as in this case, was 
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similar to that of draining into a bottle, all the liquid 

and solid matter passing into the drains, liberating an 

equal amount of the foul air, conveying no doubt the 

germs of disease which escaped into the houses. In the 

author *s experience stoppages in the sewers of a large Effects of 

town, which have had the effect of causing an increase LwSf*" "* 

of pressure in the sewer air, have almost invariably been 

found to coincide with an outbreak of disease in houses 

which were affected by* the stoppage. In a system of in abaence of 

t't 1 ^ i_ • j'x'x'ij ventilation all 

unventilated sewers, every house m a distnct is placed ^qxikb are in 
more or less in communication, and as a natural con- communication, 
sequence, diseases may be transmitted from house to 
house by the sewers and drains, as evidenced in the case 
already referred to. If further evidence were needed as Lo« o£Uh in 
to the ill effects of sewer air, this fact is often forcibly 
brought to our attention by the loss of the liyes of men 
who are employed to work in our sewers, or in the con- 
fined places in which sewage is treated ; but it should be 
here noted that the cause of these deaths can be trace- 
able to the chemical impurities of the air of the sewers 
as distinguished from that more general impurity which 
escapes detection, but which is the real cause of 
disease. 

There are some persons who believe that the emana- Unbelief in 
tions from sewers are not dangerous, in the sense of gjjf*^** **^*'' 
producing disease. They base their observations on the 
fact that the gases which are known to be present in 
sewers have not been shown to be the means of pro- 
ducing disease. It is true that in a very dilute form Dilute wwer air. 
some of the gases are innoxious ; but it is not so much 
the presence of gases of known composition that is so 
injurious, as the organic vapours and germs of disease 
which are carried in the air of sewers, and which are 
ever active to feed or spread disease until effectually 
destroyed. Sewer gas escaping into the str^eets, and 
combining with large quantities of atmospheric air, is 
less injurious than when allowed tb escape into the more 
limited atmosphere of our houses. All the organic 
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poisons can be diluted to sach a degree as completely 
to palliate their destmctive effects ; but still they may 
retain all their poisonous properties when again con- 
centrated. Pure atmospheric air has the power of 
oxidizing or destroying organic compounds, but when 
sewer air enters the generality of houses, especially at 
night, when the house is closed and the whole atmo- 
sphere has been robbed of its vital properties, the gas 
carrying the elements of decomposition or the germs of 
disease becomes a deadly poison. Sewer ventilation has 
received, in some quarters, a considerable d^ee of 
attention, but its importance is by no means generally 
acknowledged, nor are works of this class carried out to 
the extent which is absolutely necessary if the full ad- 
vantage procurable by the prosecution of sanitary works 
is to be realized. There are many towns in this country 
in which no provision has been made for the ventilation 
of sewers or drains. There are others in which the 
sewers are but imperfectly or partially ventilated. It 
is the author's intention in this chapter to point out the 
nature of the gases found in sewers, the forces at work 
within the sewers, and to give examples of the various 
modes that have been proposed or adopted for effecting 
the ventilation of sewers and drains. 

The gases found in sewers are carbonic acid, nitrogen, 
carburetted hydrogen, sulphuretted hydrogen, ammonia- 
cal compounds, and foetid organic vapour. 

Carbonic acid, or choke-damp as it is commonly 
termed in mining districts, is one of the gases usually 
present in sewer air. It is the result of decomposition, 
or the combination of oxygen with carbonaceous matters, 
and is extremely detully when present in large quantity, 
and to inhale it ill a concentrated form causes instan- 
taneous prostration, followed very speedily by death. 
In some cases this gas is emitted from the earth when 
constructing sewer work through decayed matter, or in 
the proximity of old cesspools, but its principal delight 
is to haunt imventilated sewers. The deadly lake of 
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Java, whose borders are said to be strewed with mortal 
remains, lends its testimony to the destructive effects of 
this gas. Fresh air or fresh slaked lime will remove or 
destroy its poisonous effects. 

The excess of nitrogen present in sewers may be Nitrogwi. 
accomited for from the fact that the oxygen of the 
atmosphere has been used up in entering into combina- 
tion with certain organic compounds which are present^ 
leaving tlie nitrogen free. Nitrogen has not been shown 
to be a poisonous gas, although it will not support 
animal life. 

The presence of carburetted hydrogen gas is due in a Carburetted 
great measure to the leakage from gas-pipes. Such gas 
also arises from the decomposition of vegetable matter, 
and is formed in a manner analogous to that in which 
marsh gas is produced, spontaneously, in low-lying 
districts abounding in decomposing vegetable matter. 
This gas is extremely explosive when mixed with a 
certain proportion of atmospheric air, on which account 
it is unsafe to enter sewers with naked lights. As a 
measure of precaution, all sewers should be lighted 
with safety lamps when it is necessary to enter them. 

Sulphuretted hydrogen is a gas which is the product Sulphuretted 
of decomposition. It is found more or less in sewers, y"*^^ 
being always present in those in which the sewage has 
assumed a certain degree of putridity. It is distinguish- 
able by its disagreeable odour, and is heavier than 
ordinary atmospheric air. It has been known to fire in 
sewers. It is the most poisonous of all the gases of 
known composition. Experiments have been made 
with it by various authorities, which show that one 
of the gas and 250 of the air will kill a horse ; one 
of the gas and 500 of air will kill a dog ; one of the 
gas and 1500 of air will kill small birds ; that a rabbit 
was killed in a few minutes by being placed in a bag of 
this gas, although its head was not enclosed, and it was 
free to breathe pure atmospheric air. Numerous deaths 
have been recorded in past times among the workmen 
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employed in emptying cesspools in wliieh this gas had 
accumulated. The destructive eflfects of this gas can 
be destroyed by considerable dilution, or, better still, 
can be readily absorbed by the use of charcoal or some 
of the oxides of iron. 

The ammoniacal compounds present in sewer air are 
the result of the evaporation and decomposition of the 
sewage, and are also due to its illimination from the 
sewage by reason of a rise in temperatura 

The foetid organic vapour, which is more or less 
present in all sewers, is the most subtle and dangerous 
matter present in a sewer. Of its exact nature and 
composition but b'ttle is known ; either it is itself the 
cause of disease, or it carries the germs of disease, 
which float about in the air of sewers, like the fine 
pollen of flowers which float about in the atmosphere. 
This vapour or the germs of disease can alike be effec- 
tually absorbed and destroyed by the use of charcoal. 

Experiments made by Dr. Letheby, on the genera- 
tion of sewer gas from sewage show that a gallon of 
sewage, containing 128 * 8 grains of organic matter, when 
excluded from the air, gave, in ** nine weeks, 1 • 2 cubic 
inches of gas per hour, consisting of 73 * iB33 of marsh 
gas, 15*899 carbonic acid, 10 '187 of nitrogen, and 
O'OSl sulphuretted hydrogen." It should be noted 
that this is the result of a laboratory experiment, and 
after decomposition has, purposely, been allowed to take 
place. In a well-constructed sewer the decomposing 
matter would flow with such a velocity as to prevent 
stagnation; therefore the period of duration of such 
matter, in a sewer, is too short to admit of such decom- 
position as to lead to so large an evolution of gas as 
shown by the foregoing experiment. When atmospheric 
air is present in sewers, the gases found are " carbonic 
acid and nitrogen, with but mere traces of sulphuretted 
hydrogen." The air in a sewer of the City of London, 
ventilated and fitted with charcoal for deodorizing the 
escaping gases, was found by Dr. Letheby to contain 
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79 • 96 per cent, of nitrogen, 19 * 51 per cent, of oxygen, 
and *53 per cent, of carbonic acid, with mere traces of 
ammonia, marsh gas, and sulphuretted hydrogen. Dr. 
W. J. Russell, in September, 1870, collected the air Composition of 
from the Eanelagh sewer at Paddington, which was sewen. 
ventilated by open shafts of the ordinary London type, 
and he found that it contained * 40 per cent, of carbo- 
nic acid, 20 • 79 per cent, of oxygen, and 78 * 81 per cent, 
of nitrogen, and when tested for sulphuretted hydrogen, 
by allowing the air to pass over acetate of lead paper, 
after five minutes' contact^ no discolorization took 
place. The air of badly ventilated sewers contains Air of badly 
much less oxygen than shown in the case of well- ^e«. 
ventilated sewers. Parent Duchatell found that the 
air of a clicked sewer, in Paris, which was not ven- 
tilated, and after the sewage had been agitated, con- 
tained but 13 *79 per cent, of oxygen, pure atmospheric 
air containing 21 per cent. In the ventilation of 
sewers, air must be admitted (as a matter of neces- 
sity) into all sewers in which men are compelled at 
times to labour, and in the case of the ventilated sewers 
of London, chemists are agreed that men may safely 
labour in them on account of the large percentage of 
vital oxygen present in the air. 

An examination of the forces at work within a sewer Forces at work 
will show how necessary it is that ventilation should be *° * **''*'' 
provided, and, from a study of the forces at work, the 
engineer will be led to form correct opinions as to what 
measures should be taken for the purpose of securing 
perfect ventilation. 

Heat is one of the most powerful agents at work ^**^ 
within a sewer, and is capable of developing a force 
which is perfectly irresistible in every unventilated 
system of sewers or draiua The air of every sewer 
and house-drain is subject throughout the day to a 
repeated number of expansions and condensations of 
the air arising from the admittance of hot or cold 
water. So great is the force exercised by the air of 
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drains, ia espanding under die inflnence of an increase 
of temperatare, that any ordinary trap is totally inade- 
quate to resist its influence. A very simple experiment 
will show this. In Fig. 57 is represented a glass flask, 
corked, and having a bent 
^'° ^'- glass tube (for 



trap) inserted as shown 
in the figure. Let the 
trap be filled with water 
— if the hand is placed 
on the flask its natural 
warmth will cause the 
air within the flask to be 
heated, and in conse- 
quence it will expand 
with sufficient force to 
throw all the water out 
of the trap, although the 
leg A of the glass tube 
is several inches long. 
This flask not inaptly 
represents the frequent 
condition of an uuTenti- 
lated house-drain, sealed 
at its lower end by reason 
I of an extra flush of water 
in the sewer. The ordi- 
nary eSect of pouring 
water into such a drain 
would be to unseal the traps, as no water could [enter 
without displacing an equal volume of the air of the 
drain; but, apart from this, asBuming that water could 
enter, and that such water had been used for boiling 
vegetables, or for any other domestic purpose, and was 
at a temperature of boiling point, that the normal tem- 
perature of tlie air of the sewer at the time of its admit- 
tance was at 50° Fahrenheit, and that by reason of the 
. admittance of a large volume of this hot water the 
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temperatare of tlie air of the sewer was raised to 150°. 
The effect of this increase of temperature ma; be 
calculated from the increase in volume as given in 
Table No. 40, for the 

Table No. 40. — Showing the Belatitb Voluhbb of Air At 
TARione Teufebatdbes, bm given in Dr. Labdheb's ' Hakd- 
BooK OP Natubal Pbilobopht.' 
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Formula for 



pressure is inversely as the space occupied. Let V = 
iure^olu^^br ^^^ original volume of the air of the sewer at its normal 
heat, temperature, V ^ = the volume of the air after its in- 

crease of temperature, and P = the original pressure, 
say atmospheric pressure. 14 '6 lbs. per square inch, 
or to a column of water 34 feet high, P ^ = the pres- 
sure after the increase of temperature, then we have 
V : V^ : : P : P\ whence in the foregoing case we have 
1036-7 : 1240*8 : : 34 ft. : 40 • 7ft ., showing an increase 
of pressure of 6 • 7 feet head of water was caused by the 
increase of temperature, which is an amount of force 
that no trap could resist; hence the necessity for free 
ventilation. The difference of temperature between 
the external atmosphere and the internal air of a 
sewer, is one of the forces at work by which the venti- 



Differenoe of 
temperature. 
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lation of sewers is effected. The following Table, 
compiled by Mr. Wm. Haywood in 1858, shows the dif- 
ference of temperature between the internal air of the 
City sewers and the external atmosphere : — 

Table 41. No. — Showing the Summary of Observations as to the Experiments of 
Temperature of the City of London Sewers. Mr. Haywood. 





Temperature in External 
Atmoepherb in Shade. 


Temperature in Sewer. 


Mean Temperature 
of Sewer. 


Time of Year. 


Highest. 


Lowest. 


Mean. 


Highest 


Lowest. 


Mean. 


Aboye 
External 
Atmo- 
sphere. 


Relow 
External 
Atmo- 
sphere. 


Simimer .. 


o 
72 


o 
55 


o 
65 04 


o 
68 


o 
56 


o 
61-92 


o 

• • 


o 
3-12 


Winter .. ' 34 

1 


30 32-37 


52 


40 1 43-98 


11-61 


• • 


Spring . . 
Autumn .. 


61 


46 52-46 


59 


48 1 52-52 


006 


• • 


68 


48 1 59-90. 


70 


53 1 62-97 


307 


Average of)l 
whole year/ " 


.. 50-24 

I 


• • 


• • 


55-35 


5-11 


• • 



By reference to this Table it will be seen that on 
the average of the year the internal temperature of the 
sewers was 55° • 35, and the external atmosphere in shade 
50° • 24 ; so that, on an average of the whole year, the 
sewer possessed a temperature of 5°*11 only above that 
of the atmosphere. In the summer months the average 
temperature of the sewer was below that of the atmo- 
sphere. In the spring the temperature of both sewer 
and air are equal ; while in the autumn and winter the 
average temperature of the sewer was in excess of that 
of the atmosphere. During the year 1870 the author, 
from experiments made at Croydou, found that on 220 
days the external air rose to a higher temperature than 
the highest temperature of the sewage, and on 145 days 
the highest temperature of the air was lower than the 
temperature of the sewage. There were 313 days when 
the external air feU to a lower temperature than the 
lowest of the sewage, and 52 days when the lowest tern- 



Summer 
temperature. 

Spring 
temperature. 

Autumn and 
winter tem- 
perature. 

Temperature 
of Croydon 
aewage. 
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perature of the sewage was less than the lowest tern- 
Croydon aewage perature of the external air. It may be here noted 
temper^*. *ta* ^^^ temperature of Croydon sewers is pretty nearly 

nnifonn during the whole year. This is due to the 
water supply of the district being taken from an arte- 
sian well. In the ease of the City of London, the tem- 
perature of the sewers in winter was considerably below 
the mean temperature of the summer months^ as the 
water supply is principally taken from surface streams, 
which are subject to the same variation of temperature 
as the atmosphere. 
Force of ebb The next forco which will be considered, and which 

sewage. renders a system of ventilation of sewers absolutely 

necessary, is the varying ebb and flow of the sewage. 
This ebb and flow of the sewage leaving the sides of Uie 
sewers alternately wet and dry, naturally leads to the 
Production of production of much vapour or sewer gas. The ebbing 
▼«poa''- j^^ flowing of the sewage within all sewers has also the 

mechanical effect of compressing or dilating the air 
Law of diffiwion present in the sewers. According to the law of the 

of cases 

diffusion of gases, the pressure is inversely as the space 
occupied ; therefore it is clear that, unless openings are 
mtule as outlets and inlets, the natural consequence of 
the rise and fall of the sewage in the sewer must be to 
draw in and expel foul air at points out of control. For 
Example. example, suppose we have a sewer running half full, 

and that by an increase in the rate of flow it begins to 
run three-fourths full, the air which originally occu- 
pied half the sewer when the sewer runs three-fourths 
full will be compressed into a quarter of the sewer, 
and being compressed into half the space it originally 
occupied, its pressure would be increased by an amount 
equal to that of one atmosphere, or a column of water 
34 ft. in height. Against such a pressure (if the sewers 
are perfectly air-tight) no traps could resist the effort 
of the imprisoned air. It may be laid down as a mle 
that in the main lines of sewer, from mom till noon, 
sewers are expelling foul air by virtue of the rate of 
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fluctuation of the flow, and from noon to morn they are 
drawing in fresh air by reason of the same force being 
at work. Of course these results are greatly modified by 
the effect of sudden storms. Sewers discharging into Sewere dfs- 
the sea, or into tidal rivers, are liable to be tide-locked the ml^ *" 
twice a day. During the period they are so tide-locked, 
as they fill up with sewage the sewer gases will be ex- 
pelled, and when the sewers discharge their contents at 
ebb-tide, fresh air will be drawn into the system of 
sewerage. In consequence of this rate of fluctuation, 
it must be clear that all those propositions which have 
been made, and which hereafter will be referred to, of 
making down-cast and up-cast shafts for the purpose Down-caatand 
of the ventilation of sewers, will prove abortive, for w?Unot*act. 
when the sewers have within them a force which at one 
period naturally expels air, all shafts, whether up-cast 
or down-cast, will at that period become up-cast shafts, 
and when the air is drawn into the sewer all shafts will 
naturally become down-cast shafts. It may be here 
noted that the rate of fluctuation of flow in a sewer or 
drain is a very powerful agent in promoting natural 
ventilation ; that is, if sufficient openings are formed in 
the sewers or drains, air will naturally be drawn in at 
these openings at one period of the day, and will be ex- 
pelled at another period. This fluctuation in the flow, Fluctuation in 
which takes place naturally in every sewer or house nM^e^o^offor 
drain, may be augmented, so as to lead to an artificial augnjenting 
filling and discharging of the air of certain sections of a 
system of sewers. To effect this, self-acting flushing 
valves may be used, so arranged that certain sections of 
the sewers would be allowed to fill with sewage at certain 
periods of the day, and this pent-up sewage should then 
be rapidly discharged, so that the double purpose of flush- 
ing the sewers and of ventilating them would be served. 

Barometric changes affect the amount of sewer gas Barometric 
present in sewers. The diminution in barometric pros- ^ * ^^' 
sure leads to the escape of gases which are stored in the 
interstices of the sewage, and favours decomposition. 
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Vapour of water 
a force. 



WiDd a ftne. 



Effect of posi- 
tion of oatfali. 



Protection of 
outfaU. 



Friction and 
leakage. 

Sewers may act 
as shafts. 



Diffusion of gas 
modifies resalt. 



An increase of barometric pressure enables sewer air 
to carry a larger amount of the vapour of water. 

The vapour of water may be considered a force within 
a sewer affecting ventilation, as it gives lightness to the 
air. At 32° the vapour of water is about one three- 
hundredth part (t^) the density of air, and at 212° it 
is nearly half as dense as air ; so that at all ordinary 
temperatures the vapour of water will materially affect 
the density of the air of sewers. 

Wind blowing over the surface of ventilators in a 
street has a material effect in changing the currents of 
air within the sewers. 

The position of the outfall of the sewers in reference 
to its exposure to the prevailing winds of a district, 
has also an effect upon the ventilation of the sewers. If 
an outfall sewer is open to the prevailing winds, rapid 
currents of air are produced in the sewers, and which 
may escape so quickly at the ventilators as not to be 
under control. On this account every outfall should be 
protected so as to prevent currents of air entering in 
uncontrolled volume.* 

Friction and leakage both play their part as forces at 
work within a sewer affecting the general question of 
ventilation. It may also be noted that sewers may act 
like an ordinary chimney shaft, especially in those dis- 
tricts in which the fall of a sewer is great ; so that, 
when there is an uniform rate of flow through the 
sewers, there is a tendency for air to enter the openings 
at the lower points of the system of sewerage, and 
escape at the higher points. 

The law of the diffusion of gas tends to modify the 
forces at work within a sewer. It also modifies the 
poisonous effects of sewer air. All gases diffuse them- 
selves through each other (although they may not 
combine) with a rapidity varying with the respective 
density of the gases. By this law light gases descend 
and the heavy gases ascend ; the rate of diffusion 
being inversely proportional to the square root of the 

* Vide page 295. 
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density — as, for example : if we have two gases, one of 
which is four times the density of the other, the heavy 
gas, in this case, will therefore require twice the time 
the rarer gas would require to diffuse itself in an equal 
volume. The laws which govern ventilation are the Lawsofgravi- 

ni 1 i» 'J. A* J. ' '-LI tation eo?ern 

well-known laws of gravitation, currents invariably ventiiaUon. 
being produced by the difference in pressure or weight 
of different columns of air. At 60° Fahrenheit, and with 
a barometric pressure of 30 inches, a cube foot of ordi- 
nary atmospheric air weighs 538*88 grains; or 13*06 
cube feet weigh 1 lb. When the pressure of the atmo- AtmoBphenc 
sphere is equal to 14*6 lbs. to the square inch, as there ^ 
are 22,570 cube inches in 1 lb. of air, that number mul- 
tiplied by 14 • 6 will give the height of a column of air 
corresponding to the pressure of the atmosphere, or 
329,522 inches = 27,460 feet. Air will flow into Velocity with 

which air rushes 

vacuo with a velocity equal to that which a heavy into vacuo, 
body acquires in falling a distance equal to the 
height of the atmospheric column, or with a velocity 

V2^ H, consequently it would rush into vacuo with a 

velocity >/64^4~x"27460 = 1330 feet per second. Air Velocity of air 

/, « , . 1 1 J • 1 "Owing "■o'Ji 

flows from one atmosphere into another less dense with one atmosphere 
a velocity equal to that which would be acquired by *<>*°o^«''' 
a heavy body falling through a space equal to the 
difference of the pressure represented by the respec- 
tive columns of air. The differences in pressure are Pi^suredete^ 
arrived at by noting the differences of temperature, pemture. 
for temperature and pressure bear a constant ratio to 
each other. Air is dilated ,^ part, for every degree 
Fahrenheit its temperature is raised ; consequently a 
column of heated air being lighter than an equal 
column of cold air, a difference of pressure exists, or 
there is a tendency for the cold air to flow into the 
heated air, or for the heated air to escape with a 
velocity equal to that which a heavy body would 
acquire when falling from a height equal to that of the 
vertical column representing the difference of pressure, j^^ ^^ ^ . j^^ . 
A cube foot of air loses 1 • 097 grains in weight for each of air n^Vw^ii. 
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Example. degree that it is heated. For example^ supposing a 

ventilating shaft 60 feet high and 1 foot sectional area, 
the difference in temperature between the external 

,., 1 . • irAo *!, 150^x1097x60 feet 

and mternal air is 150 , then _,^ .^ = 

ooo • oo 

9873 

Q =18 • 33 feet, or the height of the column of air 

Ot5o * oo 

that will produce motion, which in this case is equal 
to a pressure of 1 '40 lb. per square foot. In practice 
a simpler mode of calculation is adopted, for, if we 
multiply the difference of temperature between the ex- 
ternal and internal air by the height of the shaft in 
feet, and divide the product by 491, it will give the 
height of the column of air producing motion. The 
Formula. formula fully stated is as follows : — 

V = velocity of diacbarge per seoond. 
H = height of sh&ft in feet 

i = internal temperature. 

f = external temperature. 
.2^ = 64-4. 
j^ = dilation of gus for V Fahrenheit 

Applying this formula to the foregoing example,it will 

be found that /y/ ^^'^ ^ 3^-^^ =34-35 feet per 

second, or 2061 feet per minute, which also equals the 
discharge in cube feet, as the shaft is 1 foot sectional 
area. This calculation is entirely theoretical, and in 
practice a deduction must be made for friction. In 
calculating the discharge of circular ventilation shafts or 
Formula for dis- pipes the following formula, which is used for calculating 
pipes. the discharge from gas pipes, will be found applicable : — 

^ 19400 V5» 

D = — ;— • 



^/s 



H 

D = discharge per minntc in cube feet 

d = diameter in feet. 

L = length in feet. 

H = pressnro in inches of water. 

s = specific gravity, air = 1 '0. 
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If this formula is applied to the preceding example, Example. 
d = 1 • 13 foot, L = 60 feet, H = 219 • 96 inches of air, 
but as water is 814 heavier than air, = * 27 inch of water, 
then we have as the discharge, 

19400 VTl3» 19400x1-357 ,^^^. ^ 
— • = : — = 1767 feet. 

\/l X — -^^222-22 

•27 

By this formula the discharge is found to be 1767 cubic Compariaon 
feet per minute for a shaft 1 foot sectional area against ticai discharge 
2061 cube feet per minute, the theoretical discharge. an<*r^t<« 
It may be here noted that the draught of a chimney 
250 feet high, with a difference of 200° temperature 
between the external and the internal air, would repre- 
sent a column of air = 101 * 78 feet in height, or equal 
a pressure of 7*793 lbs. per foot, which is equal to a 
vertical column of nearly 1^ inch of water. Such a Draught would 
draught, if it could be brought to bear on the venti- ^"* **^ *"?•• 
lation of sewers, would force and unseal all the ordinary 
traps now in use within our houses. 

The ventilation of sewers has often been compared to Ventilation of 
the ventilation of mines, and the same measures which ^JJ^torati- 
have been proposed for the ventilation of mines have lation of minefc 
been proposed over and over again for the ventilation 
of sewers; but those who have made the proposition 
have not fully understood the nature of the work to 
be performed, or of the forces at work within a sewer, 
which dispel all those beautiful theories of ventilation 
which have been advanced. A few words of explanation, 
pointing out the difference between mine ventilation 
and that required for sewers and drains, may prove of 
service. 

The ventilation of sewers, although differing from Ventilation of 
that of mines, is easy and safe, for only make suflScient safe, 
openings and the sewers will ventilate themselves. It 
is very different in the case of a mine, and no greater 
mistake can be made than to confound the system of 
ventilation as required in a mine with that necessary 
for a system of sewers. In the case of a mine it is 
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Mine Tentila- usual to have One down-cast shaft and one up-cast shafts 
^^ or one set of down-cast shafts to convey firesh air 

through the workings of the mine; on its way to the. 
up-cast shaft the circulation of the air being kept up by 
artificial means, so as to secure the proper amount of 
air which should be admitted to the workings, and the 

Syitem oaed In discharge of the vitiated air. In a system of sewers 

mines not appli- tit* •!• i» -ii ••■ 

caUetoaewen. such a mode of ventilation as this would prove entirely 

inoperative, on account of the peculiar features present 
in a system of sewers, and on account of the forces 
which are naturally at work within the sewers, whereby 
all untrapped openings may at one period of the day 
become down-cast shafts, and at other periods up-cast 
shafts, as has already been pointed out in referring to 

Sewer is a per- the forccs at work within a sewer. A sewer may be 

compared to a tube perforated entirely throughout its 
length. The introduction of special means of ventilation 
similar to that adopted in mines, if it could be brought 
to bear in a system of sewers, would have the efiect of 
causing powerful currents of air to pass into the sewer 
from the nearest openings, to the exclusion of any 
current at all from the more remote openings into the 

Modes proposed scwcrs. The modes proposed for effecting the venti- 

of sewers. lation of sewcra after the fasliion of mine ventilation 

are natural, and mechanical, appliances. 

Natural ven- Natural Ventilation embraces all those modes which 

cause the air to move by reason of diflference in tem- 
perature or weight of the respective columns of air. In 
the ventilation of mines, natural ventilation has hitherto 
been considered the simplest and least liable to derange- 
ment, which is a point of considerable recommendation 
and importance when it is considered what a vast 
number of individuals are dependent for their health 
and lives upon the perfection of the machinery for 

Difference of changing the air within a mine. Some difference of 

^ ^ ' opinion has, however, been expressed amongst authori- 

ties as to whether natural or mechanical ventilation 
of mines is the best system: many persons contend 
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that greater mechanical effect is produced by a given 
quantity of fiiel, when the power is directed through 
properly constructed machinery for pumping air in or 
out of a mine, than when a like quantity of fuel is 
used in heating a column of air, and so creating a natural 
current. 

The mechanical contrivances for the ventilation of Mechanical 

veiitilation. 

mines embrace all those modes or means of producing, 
by machinery, currents of air, either by forcing air into, 
or by drawing it out of, the mine. When it is forced in 
it is called the Plenum system, and when it is drawn Plenum sjstem. 
out it is called the Vacuum system. The plenum system Vacaum system, 
of ventilation would not be admissible in connection 
with a system of sewers, as the discharge of air at high 
pressure into sewers would naturally lead to the forcing 
of the traps and the escape of the air and foul gases 
into the houses. The effect of the ventilation produced Eflfect of 
by drawing air out of sewers has been tried, and the drawing^jSr out 
results show that all these arrangements affect a very of sewers, 
limited length. In Paris and Antwerp shafts have been 
tried for the purpose of ventilating the sewers, but the 
results were not suflSciently satisfactory to admit of 
their use as a general system for promoting ventilation. 
Numerous experiments have also been made with shafts Experiments 
and furnaces as a mode of sewer ventilation. In the 
report of Mr. J. W. Bazalgette, C.B., on the ventilation 
of sewers, addressed to the Metropolitan Board of 
Works in January, 1866, some results as to the effi- 
ciency and the cost of this mode of ventilation are given. 
Quoting from evidence given by himself and Mr. Hay- Messrs. Baxal- 
wood before a Parliamentary Committee in 1858, which Haywood, 
is here reproduced, Mr. Haywood said, " A down-draught, 
so complete as to be superior to the diffusive power of 
the gases, you cannot start with a velocity of less than 
two miles an hour ; and suppose the whole district has 
been so arranged as to have a sufficient exhaustive caaesof 
power, the mere opening of a water-closet, or the en- y^^j^tST' °^ 
larging or the putting in of a new drain into a sewer, or apparatus. 
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Clock Tower, 
Houses of Pa]> 
liament. 



the making a hole a foot square, or a servant taking 
up a bell-trap in a sink, or a sewer man lifting a aide- 
entrance covering, would very much destroy the power 
of the furnace, and unless you had a gigantic power 
sufficient to guard against all these casualties the system 
could only be a failure." Mr. Bazalgette, in his evi- 
dence before the same Committee, says, '^A furnace 
ventilating any large district would require to produce 
a very large volume of air, and to keep up a velocity 
sufficient to ventilate all the branch sewers, and the 
drag would consequently be so great through the main 
that it would force open any house-drain traps or water- 
traps we could form before it would influence the remote 
branches; but, putting those difficulties out of the 
question which appeared to us insuperable, we found 
that the consumption of coal to extract the required 
quantity of air, supposing that the sewers could be laid 
out like the channels of mines, would be something 
enormous." Speaking of the ventilation experiments 
with the clock tower of the Houses of Parliament, he 
says, " I found that the fiimace of the clock tower of 
the Houses of Parliament was supposed to have been 
connected with the adjoining district to the extent of 
about a quarter of a square mile, and with about six 
miles and a half of sewers in length when added together, 
but that the ventilation had in reality been intercepted 
by a flap, so that the benefit supposed to be derived 
therefrom was purely imaginary. . . . Having come to 
that conclusion, tlie next thing I directed my attention 
to was, supposing the whole of the air extracted by that 
furnace was produced from the sewers, and supposing 
that all the intermediate channels could be stopped, 
and that it could be directed from the most remote ends 
of each of the sewers and distributed over those sewers 
with the most perfect theoretical accuracy, so as to have 
a uniform current passing througliout each of the sewers 
towards that chimney, still the effect upon those sewers 
would be nothing ; and the way in which I prove my 
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statements is this : the total area of the 6J miles of Velocity caused 
sewers now connected with the furnace is 713 ft. ; the ^J^ * ^ 
total area of the channel through which the air has to 
be brought from them is 8 ft., that is, about the 90th 
part of 713 ; the air was passing at the rate of 542 ft 
per minute through the 8-ft area. Therefore if I could 
divide that over the whole district, the velocity in all 
those sewers would be 6 ft, per minute^ or iVth of a 
mile per hour. But we have shown already that there Velocities found 
exist in the sewers from other causes velocities amount- ^ ^^^^ 
ing to 100 ft. per minute and upwards ; and 6 ft. per 
minute is, practically speaking, stagnation and not 
ventilation.** He further stated, that " supposing you 
could obtain theoretic perfection, and all the air pro- 
duced by this furnace was spread through this district, 
you would only then get up a velocity of -n^th of a mile 
per hour, which is no ventilation whatever. But I have 
gone farther with the inquiry. Whilst we were making 
our observations, on Tuesday, the furnace, being kept 
up, was consuming at the rate of eight chaldrons of coke Consumption of 
per day ; but I will assume that the defective arrange- 
ments, that is, the chimneys being stopped up, the cir- 
cuitous connections, and so forth, necessitated a very 
much larger consumption of fuel to produce the same 
effect than could be produced with better arrangements 
with a less quantity. I will assume that four chaldrons 
of coke per day, or half the quantity actually used, 
would produce that current of air, and that when pro- 
duced it would effectually ventilate the 6^ miles of 
sewers, which I think I have shown to be impossible; 
but supposing it were possible, then I find that for 
1500 miles of sewers 230 such furnaces would be re- 
quired, and the cost of the coke at each of those furnaces 
would be 876Z. per annum at four chaldrons per day, 
. . . . giving a total for the whole ventilation of the Cost of furnace 
metropolitan sewers of 201,480Z. per annum upon the ^«"*'^**^"- 
consumption of coke, without any labour or incidental 
expenses. The prime cost of those 230 chimneys and 
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fiimaces and establishments I have put down at 2000/L 
a piece ; that would give 460,OOOZ., or half a million of 
money." In the same report it is stated that in 1858 
he ** Tisited some of the best ventilated coal mines in 
the North of England and in South Wales, with a view, 
if possible, to the application of some more perfect 
system of ventilation to the London sewers. I entered 
carefully into the comparative advantages of ventilating 
fans and furnaces, and into the expenditure of fuel 
requisite for the extraction of a given quantity of air 
under various conditions. But I found that whilst it 
was not difficult to conduct a current of air through the 
continuous passages of a mine having but one inlet and 
one outlet^ and a tolerably uniform sectional area, I 
found that such a system could not be applied to sewers. 
BdaUve area of TJ^e areas of the branch sewers discharging into any one 

sewer and its , 111 1 ii-ii 

bnuodMi^ mam sewer are, probably, much more than a hundred 

times its capacity ; therefore, even supposing it were 
possible that they could be all hermetically sealed at 
all points excepting the extreme ends, a velocity of 
current equal to 100 miles an hour (which is next to 
impossible) would have to be obtained in order to secure 
a current of one mile per hour in each of the branch 
sewers. But it is not possible to obtain such a condition 
of things ; and this difficulty lies at the root of all pro- 
posed modes of ventilation, by extracting the foul gases 

Mr. H. Austin's by fumaccs, fans, or such other appliances." Mr. Henry 
^ ' ' Austin, the consulting engineer to the Commissioners 
of Sewers, reported, in 1849, on some experiments that 
had been made with a view to remove a local nuisance 
arising from sewer gas by means of furnaces, and as to 
the advisability or not of trapping the openings in con- 
nection with the sewers, he said, "In September, 1848, 
the sewer in Friar Street, since rendered so notorious, 
being then, as now, charged with dangerous gases, 
Mr. Koe and myself joined in a recommendation of 
Mr. Phillips to try the experiment of drawing off the 
foul atmosphere from that spot by means of fires, leav- 
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ing the question of any chemical objection which may 
exist to such a process to those more adequate to pro- 
nounce an opinion upon it. Further experience and 
consideration have led me to the conviction that what- 
ever local benefit, as in the case of Friar Street, might Furnace 

. . . ventilation not 

be derived by such a method, even if it could practically satisfectory. 
be adopted as a system, the results would be far from 
satisfactory." The conclusion arrived at by persons 
well acquainted with the working of a system of sewers 
is almost unanimous with regard to the inapplicability 
of a system of mine ventilation to be applied to sewers, 
while all agree that there may be some special cases 
in which a partial adoption of such a system may be 
attended with advantage. 

A glance at some of the propositions which have been Propoeab made 
made, either for the purpose of preventing the formation formation of 
of sewer gas, or for the purpose of ventilating sewera ■*^*'' ^^ 
and the destruction of the gas, will not be without 
interest. It has been already stated that the early 
sewer works of this country were intended for the pur- 
poses of leading away rain and subsoil water from the 
sites of our houses, and as a natural consequence the 
openings, such as street gullies, into the sewers were lefb 
untrapped ; but when the sewers began to convey faecal 
and decomposing matters, the gases generated were dis- 
charged by the gullies. The nuisance of the noxious 
effluvium escaping from these gullies was so great that 
it became necessary to trap them. The effect of trapping Trapping of 
without ventilation brought its own train of evils, which, ^ ^ 
in the case of London, led to the adoption of a system of 
ventilation. Ventilating openings communicating with Open venti- 
the sewers were formed in the centres of streets, which ^^^^ 
had the effect of removing the point of escape of the 
sewer air farther from the passenger traffic and from the 
houses, and of aiding the dilution of the escaping gases; 
but the palpable nuisance of the escaping gases from the 
openings made for ventilation was the ultimate cause 
of a vast amount of attention being paid to this special 
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sabject. Various suggestions haye been made for deal- 
ing with sewer gas, or for the purpose of preyenting its 
formation. Of the yarious expedients which haye been 
proposed to preyent the emanations arising from sewers, 
one of the most common was that sewers should be so 

High Wodty constructed as to maintain through them such a high 

velocity that all matters liable to decomposition should 
be conyeyed with such speed that no time would be 
allowed for decomposition and the escape of noxious 
gases. The failuro of this theory at Croydon has already 
been referred to, page 199. 

DeodorisatioDof It has been proposed to deodorize or disinfect all 

into a&wm^ materials preyious to passing them into the sewers, in 
order to pickle or stay the period of decomposition, 
and so proyent noxious e£9uyia arising during their 
transit through the sewers. To attempt to deodorize 
all matters which are passed into sewers would proye 
an extremely expensiye operation, and those who are 
acquainted with the general habits of a town popula- 
tion know full well that to enforce a system of general 
disinfection of materials passed into sewers would be 
an impossibility. 

Deodorization The deodorizatiou of the sewage, as it flows throus^h 

of 8€wsflr6 by 

chemiaa agents, the scwers, by yarious cliemical agents, has been pro- 
posed, in order to prevent the formation of sewer gas. 
This plan has, to some extent, been tried, but with no 
Caoaeaoffiuiupe material advantage. The fluctuation in the flow of the 
ofaewage. **" sowago itself is au element which renders it difficult 

to apportion the proper amount of disinfectant to the 
volume of sewage which may, for the time being, be 
flowing through the sewers; and as every system to 
be successful must embrace not only the sewers but 
the house drains, this system of deodorizing the sewage 
proper of the sewers, leaving the house drains untouched, 
would only palliate, and could not entirely relieve, any 
district from the efiects of undeodorized sewage. 
Absorbing Jt has been proposed to place within sewers materials 

^thin^sewers. which would absorb the sewer gases as they were 
generated. 
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Certain chemical agents have been introduced into Jj^^^llJ^J^ ^^ 
sewers to give off gases which destroy the noxious destroy sewer 
properties of the sewer gas. ^' 

Charcoal was applied at an early period within sewers Chai-ooal. 
so as to absorb the foul gas. 

It has been suggested to lay within the sewers pipes Pip^ within 
for the purpose of discharging chlorine or other gas, 
which should be specially manufactured for the pur- 
pose, and on being liberated would destroy the noxious 
properties of the sewer air. 

Electric and galvanic agency has also been proposed Electric and 

A J X • xi_ • _x • i» galvanic agents. 

as a means of destroymg the noxious properties ot 
sewer air. A patent was taken out in 1858 by 
Mr. John Chisholm, having for its object the use 
of these agents. The inventor states, " The application 
of electricity or galvanism to the vitiated and noxious 
gases contained in confined places, produces effects 
analogous to those of ozone, acting naturally on 
matters exposed to its influence in situations where 
atmospheric air has free access and circulation, but as 
this natural action is neutralized or destroyed in locali- 
ties where free access of atmospheric air is prevented, 
as in crowded towns and structures, drains, sewers, and 
other confined places, I propose to apply electric or 
galvanic agency to them and their contents, and 
thereby produce or disengage ozone ; and this agent, 
which is absorbed almost as rapidly as produced, 
destroys with it a quantity of deleterious and vitiated 
gases, and the electric or galvanic action being exerted 
continuously, ozone is formed as rapidly as it became 
absorbed ; or electricity or galvanism may be so applied 
as to bum the vitiated gases, and thereby decompose, 
disinfect, and destroy them." 

A slight amount of consideration will show that all Chemical agents 
those agents which have been proposed to be applied ^^^ wia"" 
in the form of gas in order to destroy the noxious ventilation. 
property of sewer air must be combined with ventila- 
tion, in order that after combination the resulting 
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products may be discharged, or otherwise the air 
within the sewer would acquire such a degree of 
tension as to force a passage at some point into the 
adjacent houses. It is clear that those who have 
proposed many of these methods of preventing the 
formation or destruction of sewer gas, could not have 
been acquainted with the real nature and property 
of the gas, nor with the forces which are at work in 
every system of sewers. All those plans which relate 
to the introduction of chemical agents, or the insertion 
of pipes to discharge gases into sewers, would be liable 
to be disarranged in the first storm, when the sewers 
would be flooded. Many sewers, moreover, are of so 
small a calibre that no room could be found for the 
insertion of pipes and other receptacles which would 
be required to be inserted at frequent intervals. No 
one of these propositions for defecating the air of 
sewers would render their ventilation less necessary. 
At the same time, there can be no doubt that many 
of the agents proposed to be used would considerably 
modify the poisonous products of the sewer air. All 
those propositions that have been made with a riew 
to deodorize sewage and prevent the formation of sewer 
gas would be entirely inoperative in practice, because 
it has already been mentioned that the ebb and flow 
within the sewers cause the sides of the sewer to be 
alternately wet and dry, exposing a large evaporating 
surface, from which foul vapour is constantly given 
off*, and this vapour passing into the air of the sewer 
forms sewer gas. Moreover, it must be admitted that, 
as contact with foul matter will pollute those that touch 
it, so air brought into constant contact with the foul 
matters conveyed by sewers will contract impurities, 
which will be increased by the organic vapours con- 
stantly being given oflf by sewage, and in some cases 
by organized germs found floating in the air of sewers. 
In the ventilation of sewers and drains, the essential 
points to be kept in mind are : — 1st. That the system 
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shall be simple in its operation and not likely to get 
out of order, and that it shall be independent of 
uncertain mechanical aid. 2nd. That it shall admit of 
the expulsion of all sewer air and the supply of fresh 
air at all periods. 3rd. That the escaping gases shall 
be so diluted with atmospheric air as to be rendered 
harmless, or that they shall be destroyed or arrested. 
4th. That the system shall not impede natural ventila- 
tion. Sth. That it shall not be costly in execution 
or maintenance. 

Various propositions have been made or have been Project for yen- 
brought into operation, in order to secure the ventila- °g«^«"« 
tion of sewers, and in noticing such projects, it will 
be well to fully consider their merits and defects. 

Of all the propositions that have been made, the Shafts, 
use of lofty shafts of various kinds, sometimes aided 
by artifici^ heat or mechanical apparatus, as in mine 
ventilation, has been by far the most general, and 
this system has been ^ _ the air, or when fur- 
partially adopted for 
sewer ventilation. In 
carrying out this mode 
of ventilation lofty 
shafts are constructed 
to carry the sewer gas 
to a considerable alti- 
tude above the adjoin- 
ing buildings, where it 
may be dissipated in 



FiQ. 5S. 



naces are used, the 

gas is first passed 

through the fire, in 

order to oxidize and 

destroy its noxious 

properties. This latter 

plan is illustrated in 

Fig. 58, which repre- shaRs with 

sents a lofty chimney 

with famace at the 



bottom, which can only be supplied with air from the 
sewers with which it communicates. Shafts without 
furnaces would not materially influence the ventilation Shafts inopera- 
of sewers, as they would exercise but feeble power in ''^* ** *^*^'° 
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producing currents, as will be seen on reference to 
Table No. 41, page 209, for the temperature of sewers 
at certain seasons is such that they would be entirely 
inoperative, on account of the heat of the external 
air being greater than that of the internal air of the 
sewer. Thus, at periods of the year when ventilation 
is most required, as in the summer months, the variation 
between the internal and external air is so extremely 
slight, that for all practical purposes these shafts 
would be perfectly useless, and the feeble currents 
that would be produced at other periods would only 
affect the sewers for a short distance from the shaft. 

A very common proposition, and one which has been 
largely advocated, and to some extent put in practice, 
is to make use of the chimney shafts of manufactories ; 
but objections are raised to this method by the manu- 
facturers, for the connection of the sewers with them 
materially interferes with their efficiency as chimneys, 
and must lead, if universally adopted, to the construo- 
tion of larger shafts than requisite for the purpose of 
manufacture. Assuming this system to be perfect in 
itself, the ventilating apparatus being in private hands, 
no control could be properly exercised by the authorities 
in regulating the amount of air that should be passed 
into the shaft or through the furnace. Again, as these 
shafts would only be efficient as ventilators when the* 
fires were burning, when the establishments were not 
at work, as on holidays, unless the furnaces were kept 
lighted this plan of ventilation would be very irregular. 
In some cases the partial ventilation of sewers, or 
sewage tanks, is effected by connecting them with 
the furnaces. This is done at most sewage pumping 
stations, and the operation is effected by closing the 
fix>nt of the ash-pit of the furnace and making a con- 
nection between the sewers and the under-side of the 
fire-grate, so that all the air for supplying the furnaces 
must be taken or pass from the sewers. There is 
some danger in ventilating sewers by furnaces, as the 
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experience with some of the London sewers will show. 
Take as an example the case of the Friar Street sewer,* 
which has been already referred to, and which for the 
purpose of ventilation was connected " with the ftimace 
of a soap factory, a jet of fire burst from the connecting 
pipe and caused an explosion in the sewer." Of course 
this was an exceptionedly foul sewer, and the intro- 
duction of a system of general ventilation would so 
modify the air of sewers as to render the accumula- 
tion of combustible gases an impossibility, except at 
such times when there was an extensive leakage of gas 
from the gas mains of the district. It has been 
suggested by Mr. Peter Spence that the sewers of a M^- P- Spence's 
town should be used not only for the purposes of bioedsewera 
sewerage, but as flues for conveying away the products *"^ ^^^' 
of combustion from the fires of our houses and the fur- 
naces of manufactories, the gaseous products in this 
system thus being led to gigantic chimney shafts ; and 
by this method it is contended that the sewers and 
drains would be ventilated. The smoke and gases 
produced in the process of combustion of our coal fires 
would combine with the sewer gases and destroy their 
noxious quality, and the resulting compound would 
ultimately escape with the smoke and heated vapour 
by the shafts. 

Special pipes, usually made of metal, have been used Special pipes, 
for the ventilation of sewers and drains. They are 
connected with the crown of the sewer, and carried 
under the roadway and up the external walls of the 
adjoining houses. One objection to the use of these 
metallic ventilating pipes is that in cold weather, 
when the sewers have such a temperature as to produce 
a natural tendency to discharge their gaseous contents 
into the air, the vapours ascending by these long 
metallic tubes become so chilled as to condense the 
aqueous portion, and check the natural tendency of 
ventilatioa Such pipes may be used in many places VentUating 

pipes recom- 
* Fula page 221. rD.<«A«Sw^<(sc 
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with advantage, and especially in connection with the 
ventilation of house drains, as they will act efficiently 
for the purpose of allowing air to escape when it be- 
comes compressed, as for example, when any water is 
passed into a sewer or drain, for it may be taken aa a 
rule that every drop of water poured into a sewer or 
drain causes the displacement of an equal amount of 
the foul air of the sewer, and in a system of sewerage 
the same volume of water may be made to displace 
several times its volume of sewer air. The use of 
ventilating pipes in connection with house drains is 
hereafter further considered at page 266. 

Several suggestions have been made from time to 
time in reference to the use of the lamp columns in onr 
streets as ventilators for the sewers. Some persons haye 
suggested that the ventilation should be aided by the 
combustion of gas ; others, that the lamp columns should 
be simply used as ducts for conveying away the gas. 

It has been proposed to supplement the ventilation 
by special pipes with mechanical agency ; and in Liver- 
pool, a large number of ventilating pipes have been 
fitted up with cowl heads and Archimedean screws, 
for the purpose of exhausting the air from the sewer. 
The apparatus used is illustrated in Figs. 59 and 60. 

When the wind blows it causes the cowl head to 
revolve, which gives motion to the screw shown in 
Fig. 59, and the action is supposed to be to withdraw 
the sewer air ; but a slight amount of calculation will 
show that such an apparatus will oftener be driven 
by the escaping sewer air than it will withdraw air 
from the sewers, and therefore it more generally acts as 
an impediment to ventilation rather than an aid to 
it. Mr. Philips proposed to use the mechanical effect 
of the sewage to work fans to extract the air from 
sewers. 

The use of the steam-jet was proposed by Sir 
G. Gurney, in combination with properly-constructed 
shafts for the ventilation of sewers. The action of the 
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8team-jet is due in a meaanre to the larefitction of the 
ait, the partial vacuum created, and to the velocity of 
the escaping vapour, which dr^a along with it the 





sewer -air. The efficiency of the steam-jet for the 
purpose of promoting ventilation was fully tested some 
years ago by Mr. Nicholas Wood, and he stated, in a 
paper read by him when President of the North of 
England Institute of Mining Engineers, that "In con- 
clusion, the practical result of all these experiments is, 
that within the limits or range of furnace ventilation, 
the steam-jet acting as a substitute is attended with en 
increase in the expenditure of fuel of nearly 3 to 1, 
without any correspouding advantage either in the 
steadiness, security, or efficiency of ventilation. On the 
contrary, from its simplicity of construction, the steadi- 
ness of its action, its less liability to derangement, its 
economy, and its efBciency in cases of emergency, the 
furnace is more secure, more safe, and a more eligible 
mode of ventilation than the steam-jet." 

Bain-water pipes have been very extensively adopted Ttntiktioo b; 
for the ventilation of sewers and drains. In Mr. Henry If^"" 
Austen's Beport to the Commissioners of Sewers in 1849, 
he strongly recommended the use of these pipes in pre- 
ference to shafts or fnmacee ; but experience has shown 
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that in those districts in which the system has been 
adopted it presents many disadvantages. Under certain 
conditions rain-water pipes^ are rendered totally ineffi* 
cient as ventilators. For example, when ventilation is 
most needed it cannot be carried out by the rain-water 
pipes, for these pipes are invariably connected with the 
honse drains^ and the honse drains are connected with 
the sewers; and if it is to be assumed that the rain- 
water pipe is to serve for the ventilation of the public 
sewers as well as the house drain, in time of heavy 
rainfall, when the sewers are gorged with sewage, and 
when the rain-water pipes are doing duty in their 
legitimate capacity, or are carrying away the rainMl, 
this system becomes totally inefficient for the purpose 

of ventilation, as the 
illustration, Fig. 61, 
will show. First, 
as regards the pub- 
lic sewers ; because 
every junction made 
with a public sewer 
is made at such a 
point that if there 
is a small quantity 
of sewage flowing 
through the sewer 
the house drain may 
have a free outlet^ as 
shown by the line A B, and at such times the rain- 
water pipes may serve as ventilators for a portion of 
the sewer. But the moment the sewers begin to fill 
in time of rain, and naturally to expel the gases which 
are present, the outlet of the house drain is efiectually 
sealed with water, which may be of considerable depth, 
as shown by the water-line C D ; consequently the 
whole of the gases which have accumulated in the 
upper section of the sewer S, and above the entrance 
of the house drain, become compressed, and soon acquire 
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sufficient power to force a passage for themselves, and 
in such a direction as least anticipated. The sealing 
of house drains in times of storm shows the necessity Necessity of 

« . . 1. i» i_T x*i x« public sewer 

of carrymg out a system of public sewer ventilation venUUtion. 

totally independent of the ventilation to be provided for 

house drains. Moreover, as has been already mentioned, 

the rain-water pipes, during the time of rainfall, are 

doing duty in their legitimate capacity ; consequently, 

at such times they naturally form inefficient ventilators, 

even for the purpose of house drainage. There are also oy«tion ^ 

, , . rain-water 

other objections to the use of rain-water pipes, terminat- pipes, 
ing imder the eaves of a house or near windows, as the 
gases which may be discharged at certain periods will 
certainly find their way into our habitations. Kain- 
water pipes, terminating under the eaves of a house, are 
dangerous, as there is usually a space between the eaves 
and the roof, communicating with the interior of the 
building ; so the sewer gas may permeate the building, 
and its evil effects will sooner or later be discovered. 
At Croydon it was found that the more rigorously the Example of 
system of ventilation by rain-water pipes was pursued, 
the more unhealthy the district became; and it was 
not until special means were used, at the recommenda- 
tion of the author, for the ventilation of house drains 
and the establishment of an efficient system of ven- 
tilation for the public sewers, that the death-rate of 
this town was at all reduced, as will be seen from the 
following facts. Early in 1860 " Bye-laws " were made 
which compelled the ventilation of the sewers by means 
of rain-water pipes. Previous to this, the ventilation 
had been chiefly effected by a small number of special 
ventilating pipes, which had been erected at various 
points along the course of the sewers, principally at 
their heads. After the passing of the bye-laws, for 
the first year or two they were not rigidly enforced^ 
but, so soon as enforced, the rate of mortality in 
the district materially increased. For example, in 
1860, the year in which this mode of ventilation of 
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Mortaiitjat the sewers was adopted, the rate of mortality was 
Cfojdoii. 16. gg. i^ J861, 18-00; 1862, 18-48; 1863, 20-4; 

1864, 20-9; 1865, 21 26; 1866, 20 04; 1867, 16-6. 
This increase in the death-rate to the year 1866, and its 
diminution after that time, when the public ventilation 
of the sewers was carried out, tends to show how 
unsatisfactory were the results of the rain-water pipe 
system of sewer ventilation. If further testimony is 
needed on this point, it is supph'ed by the evidence of 
Dr. Carpenter's Dr. Carpenter, of Croydon, and published by him in a 
*^ *°^ pamphlet, entitled 'Hints on House Drainage.' He says, 

'*0n inquiry I found that all the earlier fatal cases,'* 
Typhoid fever [alluding to fatal cascs of typhoid fever] " dated the 
p?pe ventiUtton. commencement of illness from two distinct periods. 

Now those periods were preceded by a very heavy rain- 
fjEdl ; on one occasion nearly 1^ inch of rain fell in the 
preceding 24 hours, and on the other, nearly 1 inclu 
On each occasion the temperature was high, and there 
was an entire absence of ozone in the atmosphere. I do 
not mean to assert that each case actually commenced 
immediately after the rainfall, but in upwards of 
twenty fatal cases, into the history of which I examined, 
the commencement curiously ran up to two distinct 
dates, and of many slighter cases the patients stated 
that they had not felt well from about the same periods. 
To what cause could those isolated cases of fever be at- 
tributed ? how had the rainfall acted ? and why should 
it act injuriously upon a perfectly well-drained tovni ? 
Unfortunately for myself, an experiment was performed 
before my eyes which enabled me distinctly to point to 
cause and efiTect My own house is connected with one 
of the main sewers, and hsis for many years been pro- 
tected by a ventilating pipe, which, ascending from the 
soil pipe of the closet, was made to terminate for con- 
venience near a cistern of large size, outside the top of 
the house. On the night of Oct. 17th, I was aroused 
by a loud noise proceeding from the closet; it continued 
at intervals throughout the next day. Unable at first 
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to account for it, I eventually found that it was caused Effect of venti- 
by the ventilating pipe doing duty as waste pipe to the 8uiSfarg?d*with 
overflowing cistern. There was no room for exit of foul ^^^* 
air from the sewer, which therefore was forced through 
the trap of the water-closet, with, at times, the force of 
steam through the safety-valve of a steam-engine. The 
nuisance continued for nearly three days, before the 
weather would aUow the plumber to rectify a mistake 
which had been committed in the previous summer; 
the mistake of making the ventilating pipe do duty for 
a waste pipe. The escaped air did not smell offensively, 
a faint odour alone being recognized ; it was, therefore, 
thoughtlessly tolerated. The excessive rainfall also 
prevented much ventilation of the house by open 
windows. Two or three davs afterwards one of the 
occupants of a room, the farthest in the house from the 
closet, fell ill with symptoms of typhoid fever, and in 
a few days the other person sleeping in that room also 
showed signs of the disease. No other person in the 
house suffered from it In the room occupied by these 
two persons the foul air from the closet, as proved by 
experiment, naturally ascended." 

The ventilation of sewers by means of shafts com- ^*°*^JJ*^£ 
municating with the crown of the sewer, and termi- 
nating about the centre of the roadway, has been carried 
out in London, and many other places. In the opinion 
of the author this system of ventilating public sewers, 
when ventilators are provided in su£Scient number, and 
furnished with materials for absorbing and destroying 
the escaping gases, is decidedly the best system that 
can be adopted. The objections raised against the use 
of simple openings into the sewer are that deleterious 
gases escape from them, and are left to take their own 
course comparatively uncontrolled. In combatiilg this 
objection it should be borne in mind that gases 
escaping in the centres of roads become considerably 
diluted before they can arrive at the footpath or houses. 
The amount of dilution, supposing the gas to be uni- iewerMf. 
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formly distributed through the atmosphere, would be 
proportional to the cube of the distance from the point 
of discharge, and dilution means in this matter some- 
s^ftsinioadif thing more than the dilution of effect These open 
tUators. ventilating shafts act, at certain periods, both as up-cast 

and down-cast shafts, and the fact should not be lost sight 
of that they can be made as efficient when viewed in the 
light of ventilating shafts as the lofty shafts which have 
been before referred to, and at considerably less expense. 
The efficiency of a shaft is proportionate to the square 
root of its height ; consequently, short shafts of larger 
area may be made quite as efiective as smaUer shafts of 
greater altitude. For example, take the case of a 
simple shaft terminating in the centre of a roadway, the 
sewer being 9 feet deep. Now such shaft, theoretically, 
if made three times the area of a shaft 81 feet high, 
would be quite as efficient ; while in practice, the low 
shaft would be the more efficient, as there would be less 
friction. Moreover, less pressure will be exercised 
throughout a system of sewerage where ventilation 
takes place through low instead of high shafts. It 
may be here noted that any appliance, such as a 
chimney shaft or other special ventilating shaft, which 
is intended continuously to withdraw currents of air 
from the sewers, apart from its insufficiency as a venti- 
lator, is bad in principle, for the fluctuation in the 
flow through sewers causing the dilation and conden- 
sation of the air brings into play forces far exceed- 
ing the power created by the ordinary draught of any 
chimney or shaft, even when aided by the heat of a 
furnace, so that despite the influence of these shafts 
when air is being naturally expelled from the sewers, 
all openings would discharge it, and when drawn 
in (if other openings were not provided) a current 
would be created down the chimney or shaft into the 
sewers. What, therefore, would come of such proposi- 
tions as those of Mr. Spence* and others, who advise us 

• Fid« page 227. 
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that the drains and chimneys of our houses ought to be 
combined in one system, if at any moment we should 
be liable to an influx of sewer air and smoke into our 
houses ? But apart from this grave objection, even if 
the combination could be made successful so far as our 
houses are concerned, the atmosphere of the sewers Atmosphere of 

. , * - sewer sach that 

would be such that it would not be expedient to send men could not 
men into them when they required repair, alteration, or ^**'* 
the removal of obstructions. All shafts or chimneys 
of every description when used for the ventilation of 
sewers must be looked upon as having but little or no 
power in themselves to produce ventilation, but must 
be considered as a simple extension of the sewer for 
facilitating the discharge of noxious matter at some con- 
venient point where it will be harmless. 
One of the most important things to be considered in Oi^poeai of 

sewer ghul 

connection with the ventilation of sewers is the disposal 
of the sewer gas in an innoxious manner. It should be 
observed, in reference to this matter, that the mere 
evidence of smell, or its absence, is no indication, or 
otherwise, of danger. Smelling gases may be harmless, 
while those matters which are most pernicious are 
usually devoid of odour. It has been already pointed 
out that the great safeguard against the evil efiect of 
sewer gas is dilution ; only allow the gas to combine Evi<J«»ce of 

•xi. /o • X • J -x • 1- 1 'i- eflectofdUution. 

With sufficient pure air and it is harmless, even if con- 
veying the germs of disease. Evidence on this point is 
very conclusively shown by reference to our fever 
hospitals, which, in bygone days, when overKjrowded 
and ill-ventilated, the death-rate among patients and 
attendants was awful to contemplate ; but since these 
institutions have been provided with perfect ventilation, 
disease seldom spreads — ^in fiEtct, if an attendant contracts 
disease, it is looked upon as sure evidence that the 
ventilation is defective, or in other words, that dilution 
of the fever poison is insufficient. 

The absorption of sewer gas by different substances Absorption of 

, sewer s&s by 

has been proposed at various times, and is now very charcoal. 
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saocessfully carried out in practice. It is well known 
to chemists that all porous substances haye, m(»« or 
lesSy the power of condensing gases within their pores. 
Wood charcoal, as an absorber of sewer gas, is decidedlj 
the most efficient and the cheapest agent that has 
hitherto been used for the parpose of absorbing or 
destroying the noxious proper^ of sewer ga& Professor 
Muspratt says that " the absorbing poweis of charcoal 
are so great, that some have doubted whether it is really 
a disinfectant. This opinion has probably arisen from 
imperfect views of its modus operandi, since it not only 
imbibes and destroys all offensive emanations, and 
oxidizes many of the products of decomposition, but 
there is scarcely a reasonable ground of doubt remain- 
ing that it does really possess the property of a true 
disinfectant, acting by destroying those lethal com- 
pounds upon which infection depends." A piece of 
charcoal placed in a volume of sewer gas will absorb 
that gas. It is not necessary for the gas to be 
mechanically brought into contact with the material^ 
but just as the loadstone attracts iron, so charcoal 
attracts the noxious ingredients of sewer air. Dr, 
Voelcker says of charcoal, " It possesses the power, not 
only of absorbing certain smelling gases — sulphuretted 
hydrogen and ammonia, but also of destroying the 
gases thus absorbed ; for, otherwise, its purifying action 
would soon be greatly impaired. It is very porous, 
and its pores are filled with condensed oxygen, to the 
extent of eight times its bulk. We have therefor^ 
in charcoal, oxygen gas (which supports combustion, 
or lights fires) in a condensed and more active condition 
than in the common air which we breathe. Hence it is 
that organic matter in contact with charcoal is so 
rapidly destroyed. The beauty of charcoal is that 
the destruction takes place imperceptibly, and that its 
power of burning organic matter is continually renewed 
by the surrounding atmosphere, so that it is a constant 
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carrier of atmospheric oxygen in a condensed state in 
its pores. The oxygen that acts on organic matter and 
bums it up is speedily replaced, and the process goes on 
continually. Hence it is that a comparatively small 
quantity of wood or peat charcoal is capable of destroy- 
ing a very large quantity of organic matter." 

The absorption of gas by different yarieties of char- 
coal is given in Table No. 42. 

Table No. 42.— Compiled by Db. Stenhouse, showing the Dr. Stenhowe 
QuANTmr of Gas in CENmfETBES absorbed by Half a 
Gramme of Charcoal. 



Kind of 
CbarcoaL 


AimnnnfA. 


Hydro- 
chloric 
Add. 


Snlpbnretted 
Hydrogen. 


Oarbonic 
Add. 


Oxygea 


SnlphnrooB 
Add. 


Wood . . 
Peat .. 
Animal 


98-5 
960 
43-5 


450 
600 

• • 


30-0 

28-5 

90 


140 

100 

60 


0-8 
0-6 
0-5 


32-5 
27-5 
17-5 



Professor Liebig sayB, in his letters on chemistry, that Pfoffssor 
** one cubic inch of beechwood charcoal contains pores * *^' 
equal in area to 100 superficial feet." As to the 
efficiency of charcoal for ventilators, Dr. Stenhouse 
says, " The efficiency of the charcoal appears never to 
diminish, if it is Kept dry, and its pores are not choked 
up by dust." " The only precautions to be observed are, 
that while the filters shall be sheltered from rain and ^^' stenhouse 
moiature, free access shaU be given to the air." He ai^ "' 
also says, with regard to the construction of filters, *' I 
should prefer using two or more thin filters, placed at 
short distances, say 2 inches from each other; these 
thin filters disinfect the air quite as efficiently as a 
single thick one." Dr. Letheby recommends charcoal ^- ^^^^^j 
air-filters as being the cheapest and best, as well as the chvooai. 
most effective, plan for dealing with noxious exhalations 
from sewers. He says that charcoal has the power of 
'* absorbing and oxidi2dng the miasmata of organic 
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decomposition^ when with atmospheric air they are 

passed over it." The charcoal used in the ventilators of 

the city sewers has been examined, and in the joint 

Report of Mr. Report of Mr. Hay ward and Dr. Letheby, on the use of 

S^Lei^by** ^® charcoal ventilators, it is stated, " Charcoal from the 

ventilators has been submitted to chemical examination 
after having been in action for nine to twenty months, 
ifmitenarrerted and when treated with water it yields abundance of 
TO^oved by alkaline nitrate, showing that some of the organic mias- 
experiment mata have undergone complete oxidation. But besides 
these compounds, others are present, namely, peculiar 
alkaline salts, which indicate the fixation not only of 
ammonia, but also of other volatile nitrogenous bodies 
which are peculiar to organic decomposition. The 
nature of these compounds has yet to be determined, 
for all that can be said of them is, that they have a 
remarkably bad odour, compounded of urine, sewage, 
bad meat, ammonia, and stale tobacco ; attempts have 
been made to isolate them, but without success. This 
however is not surprising when we consider that 
chemists have hitherto failed to separate and identify the 
miasmata of organic corruption." In the same Report 
it is further stated as to the power of charcoal, that 
**let them however be what they may, either physi- 
cally suspended organic molecules, or complex volatile 
alkalies ; and be the morbific agent either the one or 
the other, there is in charcoal a perfect means of arrest- 
ing and oxidizing aU the noxious compounds contained 
in these gases. This is demonstrated not merely by 
their absence in the sewer air which has passed over 
charcoal, but also by the presence of the alkalies, and 
the changed molecules in the charcoal itself." From 
what has been stated, it is clear that charcoal kept dry 
Charcoal a most jg practically a most eflScient material for purifying 

sewer air, as it is not only a disinfectant, but it destroys 
or bums up the noxious gases. Some doubts may arise 
as to its use in connection with sewer ventilators, on 
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account of the escaping vapoura being highly charged 
with moisture ; therefore on this point it is well that 
we should be assured that the moisture taken up from 
sewer air aids rather than impairs the efficiency of 
charcoal. In a paper on " The Absorption of Mixed 
Vapours by Charcoal," read before the Chemical Society Effect of vapour 
on the 20th January, 1870, J. Hunter, Esq., M.A., chaixx«i.^ 
gives the results of experiments with charcoal and moist 
vapours. These experiments show that if charcoal is 
introduced into a mixed vapour, the vapour " which is 
nearest to its point of condensation is first absorbed, 
and this in its condensed state in the pores of the 
charcoal aids the absorption of the other vapour. Ac- 
cording to this view a succession of condensations is 
going on. The theory is strikingly illustrated in ex- 
periments with a mixture of water vapour and am- 
monia gas (obtained by heating an aqueous solution 
of ammonia of specific gravity 0*88), when the mixture 
is much more largely absorbed than either the gas or 
vapour separately." " The mean of a set of experi- 
ments made at 100° and a mean pressure 706* 2mm. 
was 316 ' 6 volumes of the mixture absorbed by one 
volume of charcoal." These experiments confirm our 
faith in charcoal as an absorbant of sewer gas, for 
they prove that the vapour of water, when near the 
point of condensation, as is the case with sewer air, 
instead of being prejudicial, greatly assists the absorb- 
ing power of the charcoal. 

Other materials have been proposed to be used in 
connection with the abstraction and destruction of sewer 
gas ; such, for example, as carbide of iron, a material ^^^'<^« ^^ '"^^' 
which has been extensively used in the filtration and 
purification of water, and of which Mr. Spencer (its 
inventor) says, it is an extremely useful and durable 
material for the purpose of absorbing and destroying 
foul gases, and for the purification of air generally, and 
it was recommended by him to a Committee of the 
Houses of Parliament as the best means of removing 
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the UDpleasant odours from the air supplied to those 
Houses. 

Lime. Lime has been used and repeatedly recommended 

as an agent for neutralizing or purifying the gase. 
escaping from sewers. It has been proposed for this 
purpose on account of its haying proved efficient in 
purifying ordinary carburetted hydrogen as used for 
the purpose of illumination. It is difficult of appli- 
cation to sewersy and will not prove so successfdl as 
charcoal. 

Chlorine gas. Chlorine gas has also been proposed as a means of 
destroying the noxious property of the gases which 
escape at the ventilators provided for the sewers. 
Various modes have been suggested for liberating 
this gas; as, for example, by the use of conmion 
salt and nitric acid, or by placing materials rich in 
chlorine, such as chloride of lime, in trays, from which 
the chlorine would slowly evaporate into the surronnd- 

SuiphurouBacid ing air. Sulphurous acid has been proposed in con- 

^^ nection with the deodorization or oxidation of sewer 

air, and experiments have been made with it by the 
Metropolitan Board of Works. The results of these 
experiments, so far as they are known, are given in 

Mr.Bazaigette's ^ Eeport of Mr. J. W. Bazalgette, C.B., from which 
the following quotations are taken: — **At the sug- 
gestion of Mr. Cook, the member for the Poplar 
district, I have been for some time past engaged in 
trying experiments upon the deodorization of the foul 
effluvium from the sewers by means of sulphurous acid. 

Eiperimente on The experiments were carried out in Northumberland 

deodonzation of^ *.. . n i rt -r-ki 

sewer air with Street, at the juuction of the Euston Boad with the 
sulphurous Bdd Tottenham Court Boad. Near the bottom of and within 
the shaft, at a point a little above the crown of the 
sewer, porous earthenware pipes were placed horizontally 
on the four sides, so as to form a continuous tube 
7 ft. 6 in. long and 2 in. in the clear diameter. From 
thence an inch leaden pipe was continued upwards for 
a height of about 5 ft. 6 in., at which point it was con- 
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nected with a glazed stoueware jar capable of holding 
about one gallon. The tube was tlien filled with sul- 
phurous acid, and the pressure maintained therein by 
always keeping a supply of liquid in the jar. By this 
means the acid was kept constantly exuding through 
the pores of the pipe and brought into contact with the 
sewer eflfluvium as it ascended in the shaft. The wet 
evaporating surface presented to the current of foul air 
by the outer surface of the pipes was about 224 square 
inches." 

"The mean results of many experiments, made under 
an average hydraulic pressure of 5 ft. 10 in., showed a 
consumption of less than 2 lbs. of acid of a specific 
gravity of 1*040 in 24 hours." "So far as the ob- 
servations have gone, this agent, whilst in action, appears 
to have neutralized the foul smells." " Owing to 
leakages in the few pipes that were made for the 
purpose of the trial, there has been no opportunity for 
a continuance of the experiment in its original form, 
but upright porous pipes have been placed in this 
shaft, and in two other air shafts in Camden Boad, of 
which complaints had recently been made, and these 
are now in working order." 

" The Messrs. McDougall, the manufacturing chemists, }J*I?** .„ 
have introduced a modification of the application of apparatus, 
sulphurous acid, as first suggested by Mr. Cook, and 
which has been tried in an air shaft in Robert 
Street, Hampstead Eoad. The apparatus consists of 
a stoneware jar containing sulphuric acid, which is 
made to drop slowly upon a shallow tray containing a 
solid base consisting, I believe, chiefly of sulphite of 
lime, which results in the liberation of sulphurous acid 
gas, to the action of which the ascending gases from 
the sewer are exposed. Difficulties, however, have DiflScuJties of 
presented themselves in the working of this arrange- ^tm!^ 
ment, as the proper, or uniform, intermixture of the two 
agents has not yet been effected for any lengthened 
period." From a further Report as to the experiments 
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in Tottenham Court Boad, read on the 21st Jannaiy, 
1871, the following is taken: — "In the Tentilatiiig 
shaft in Tottenham Court Road, in place of the rect- 
angular pipes laid horizontally at the botiom of the 
shaft (but which had become fractured), a length of 
about 5 ft. 6 in. of 2-in. porous pipes was placed yer- 
tically in the shaft, and connected with the reservoir 
near the surface of the roadway which had been used in 
the original experiment. This was kept supplied with 
acid, and the result of twenty-seven days' continuous 
working gave a consumption of about 53 pints of acid, or 
rather less than a quart per day." "At Robert Street the 
process has been varied by the introduction of a strip of 
flannel, which is placed in the shaft under the stoneware 
receiver that had been used in the former experiment 
with the solid base at this place, and by means of a 
stoneware tap the acid is regulated to drop upon the 
flannel, previously moistened with water. The result 
of thirty-eight days' working upon this system showed a 
consumption of about 65 pints of acid, or rather less 
than If pint per day, and in this case also the reports 
are to the eflfect that there is no apparent escape of 
effluvium from the shaft." 
Action of 8ul- With regard to the action of sulphurous acid gas, in 
p urous aci . ^^^ words of Dr. Angus Smith, " it first deodorizes, but 

it gives off its oxygen easily, and acts as an oxidizer. 
It also acts as an acid, and dissolves animal matter. 
Its action is complex ; it causes coughing, and it is in 
great quantities injurious to the lungs ; how much in 
small quantities it is not known. It purifies the air 
from putrid matter, destroying that when in a state of 
vapour, as it destroys putrid and living bodies dissolved 
or in a liquid state, and it is therefore an excellent 
fumigator. How much it brings of otlier evils is an 
important question. It alters the air of towTis entirely ; 
every coal-burning town is compelled to breathe it" 
This gas, if present in excess, when escaping from a 
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ventilator, would be very disagreeable to many persons Sulphurous acid 

. A •- 1 1 11 1 1 • may become an 

on account oi its sulplmrous smell, and when gas is impurity, 
used at those periods of the day when there are in- 
currents into the sewer the diffusion of a large quantity 
of sulphurous acid gas, would be attended with great 
inconvenience to the men who may be engaged within 
the sewers. There are great difficulties in applying 
the proper quantity of acid to manufacture gas for 
the destruction of gas. The gas, manufactured, itself 
becomes an impurity when present in excess, and if 
not present in sufficient quantity the sewer air would 
not have its poisonous properties destroyed. Neither 
sulphurous acid gas nor other gases have proved at 
present so efficient as charcoal, when properly applied, 
and moreover they are attended with considerably 
greater cost, and are by no means so easy of applica- 
tion. 

Under certain circumstances the ventilation of sewers Sewew need to 

be crastructed 

cannot be properly carried out unless the system of with view to 
sewers has been constructed with special reference to ^«»»*'^*»<^°' 
their ventilation. It has been pointed out that sewers 
may act as chimneys, so that warm sewer air may be 
transferred by the sewers from the lower to the higher 
portions of the system. In order to obviate the evils 
arising from the transference and accumulation of gas 
in the higher portion of a sewered district, measures 
must be .taken when, designing a system of sewers, so as 
to ensure the discharge and treatment of sewer gas as 
fast as it arises in any portion of the system. The mode J^/e^ w^r**" 
usually adopted of preventing the transference of gas travelling 
sewer gas from one portion of a district to another, is ae^reof a* 
to take a small portion of the fall at every manhole ^w*"ct. 
or ventilator, forming, as it were, a step, which 
breaks the sewer into short lengths, so that the gas 
found in one length of sewer is allowed to escape at 
the upper portion of each seimrate section, instead of 
traversing the whole length of the sewers from the 
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lowest to the highest points. Fige. 62 and 63 illustrate 
the principle involved in the system. Fig. 62 represents 
a branch sewer discharging into the main sewer at A. 
This branch sewer may be of indefinite length, and is 




drawn with one uninterrupted fall, tliercfore the gases 
generated would naturally tend to ascend towards B, or 
will be driven upwards in that direclion by any increase 
in the flow of the sewage causing the sewer air to be 
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compressed. If a ventilator is inserted at A, and another 
at B, there are certain times when air would enter at A 
and rush Up the sewer to B with a velocity determinable 
by the altitude of B above A, and even supposing that 
there is an opening midway between the two points, or 
at C, the gases moving from A in the direction of B, 
having a given velocity, are moving in the same plane 
as the line of sewer, therefore they may leap across the 
opening at C and still continue to -ascend the sewer 
and to accumulate in the neighbourhood of B. To 
remedy this defect and prevent the undue accumulation 
or transfer of gas, the sewers are broken up into a series 
of steps, as shown in Fig. 63. The gases, therefore, that 
are found at A or between A and C have a tendency to 
be discharged at C, because the sewer above C is not 
in the same plane as the sewer below C, and the gases, 
consequently, are directed out of the line of plane in 
which they were travelling, and are necessarily com- 
pelled to escape at C, and as every manhole becomes a 
shaft for drawing off the foul gas the comparatively 
short distance the manholes are asunder tends to make 
the whole system work very eflSciently. 

Other provisions are also sometimes necessary to be ^^v 7»>^«« 

1186(1 in connoo 

made; as, for example, lightly-balanced hanging valves, tion with ven- 
which fill the upper portion of the sewer, may be intro- ^'^^^i^^'^- 
duced with advantage to prevent a direct current of 
air from the lower to the upper districts. This arrange- 
ment is shown in Fig. 64. As a matter of precaution 
it is well, when sewers are constructed with steps, that 
the lower end of each section should be provided with 
a flap valve, or sometimes the combined effect of the 
draught caused by the shaft and the draught caused 
by the upper portion of the sewer may be such as to 
lead the gases onward up the sewer. In ?ewers of ^*°^'^";Jj*J3^Jli 
flat inclination the author has introduced chambers, gradient. 
in which gas may tend to accumulate, and discharge 
through a shaft ascending from the upper part of the 
chamber, as illustrated in Figs. 65, 66, and 67. 
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Fig. 65 representa tlie longitudinal sectioD of the 
chamber of a brick sewer, Fig. GQ the transreTse se^ 
tion of the e&me, and Fig. 67 represesta the longi- 
tudinal section of the chamber formed in a pipe sewer. 
In this cn^e the top and bottom of the chamber is 
formed of split earthenware pipes covered with concrete, 
aud the sides are constructed of brickwork- These 
chambers in practice are found equivalent to the hieak- 
mg up of the system of sewers as before d^ciibed. 




It has been already stflted that charcjml is a most 

valuable and efficient agent for absorbing. sewer gas, and 

every system of ventihition of the public sewers should 

Komii of thar- l,e fitted With an apparatus for containing it. Various 

niitiinton. forins of cUarcojil ventilators have from time to time 
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been used. It should, howsTer, be borne in mind in 
uBi'ng charcoal, that whenever it is need it shonld be so 
arranged as not to obstruct natural ventilation, and it 
Bhoold be kept perfectly dry, for it loses its power if 
it gets saturated with water. AU those ventilators in 
which charcoal is placed in mass bo as to completely 
fill the aperture provided for ventilation greatly inter- 
fere with the natural ventilation of the sewers, as 
anyone may ascertain for themselves if they will but 
make a single experiment with on ordinary bottle as 
used in experiments on ventilation. The experiment 
is illustrated in Fig. 68, which represents a wide- 
mouthed bottle having 
two tubes inserted in 
the cork ; a light being 
placed within the bottle, 
a current of air is set up 
down one tube and up 
the 'other, as shown by 
the arrows. Now if a 
perforated tray contain- 
ing a thin layer of char- 
coal is placed on the top 
of either of the tubes, 
ventilation is obstructed, 
and the lighted candle 
soon goes out. So it is 
with charcoal used in 
mass in sewer veutila- 
^^^^ F^-^ ^ tors. Moreover, char- 
coal used in mass is 
liable to concrete together, and the jKires and space 
between the pieces get stopped up with the dust blown 
and drawn into the open ventilators, bo that in course 
of time the way through the charcoal is blocked, and 
ventilation completely stopped. Then the air of the 
sewers is corked up, and may acquire such a degree 
of tension as to be attended with inconvenienoe if 
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not with danger. In the construction of all sewer 
ventilators provision should be made for dealing with 
surface-water, rainfall, and the water produced by the 
condensation of moist vapour. So long as charcoal is 9**t!**^.'f 

* ^ o ^ ^ destrojed by 

brought in contact with the moist air of sewers it will getting wet, 
retain its efficiency, but the moment it becomes com- 
pletely saturated with water the condensed oxygen 
within its pores is driven out, and it ceases to absorb 
or destroy the noxious gasea Wherever ventilators are 
placed in the surface of streets, as all streets have, more 
or less, a fall longitudinally, in time of rain, the venti- 
lator often becomes the receptacle for the water flowing 
from a very large area ; as, for example, the water flow- 
ing downhill (especially in the case of a macadamized 
road) follows the ruts ma^^le by carriage- wheels, which 
if not allowed a free point of escape into the sewers 
would soon fill the receptacle provided for it, and then 
overflow and destroy the charcoal. Mr. Haywood and 
Dr. Letheby stated, in their Keport to the City au- 
thorities, that " if the situation of the ventilators could Duration of 
be so arranged as to keep the charcoal dry, we are of drj?^ * *^ 
opinion that it would not require renewal more fre- 
quently than once a year, but under existing circum- 
stances many of them require to be changed not less 
than once a month." It has been proposed to prevent Modeofpre- 
the water entering the ventilators by raising them above SS°wet,*"^ 
the general level of the road, but this plan is attended 
with inconvenience, tmd only partially meets the diffi- 
culty. Many attempts have been made to get rid of this 
water without injuring the charcoal, but most of such 
attempts have not been very successful, as the channel 
provided for the escape of the water also allows of the 
escape of the sewer air, or it is liable to get stopped up, 
and then the charcoal is destroyed by the overflow, just as 
if no channel had been provided for its escape. In the 
ventilator illustrated in Fig. 69 the charcoal is placed 
in trays which completely fill the shaft of the manhole. 
The introduction of trays of charcoal into manholes, as 
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OfajKtioiuto here illustrated, is objectionable; tbe charcoal being 



u of chai^ 



TentiUbm. placed in mass interferes with the natural ventilation ; 
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moreover, as tbese trays cannot be made to fit tightly 
round tbe sides of the manliole, sever gases may pass 
without being brought into contact with tbe materials 
used for its destruction. This plan is also attended 
with much additional labour in renewing the material, 
or removing the trays from the manhole when men are 
required to enter the sewers. Fig. 70 shows a mode in 
which the charcoal is arranged vertically; it is still 
used in ma^s. The objeetionB to this plan are, that wher- 
ever charcoal is placed iu vertical trays, unless jammed 
in its position so tightly as to obstruct natural ventila- 
tion, in cour.se of time it settles down, leaving au aper- 
ture over it by which the gnscs may escape without 
coming into contact with it. The use of a single ver- 
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tical tray will also allow gas to escape at the sideB, as 
it is a matter of impoBsibility to render them air-tight. 
In the ventilator illustrated in Fig. 69 provieion has 
been made for petting rid of the water by collecting it 
in a chamber, AV, which is intended to be discharged at 
the bottom, when full, by hand labour. In Fig 70 any 
water entering the re- f,q 70 

ceptacle W is intended 
to filter through the 
filtering medium at tlie 
bottom of the sliaft to 
the sewer, but such a 
filler A'i this at first is 
very porous, admitting 
of the escape of gas, 
but in the course of 
time it becomes choked 
from the sludge enter- 
ing by the open gratmg, 
so that when a large 
amount of rainfall is 
passed into the recep- 
tacle it does not flow 
away, but overflows 
and wets the charcoal. 
Fig. 71 illustrates an 
arrangement adopted 
by the Metropolitan 
Board of Works for 
experimental purposes. 
It consists of a single 
tray, containing char- 
coal placed over a 
vertical pipe leading 
directly from the crown 
of the sewer. The 
charcoal in this case is placed in mass, and no pro- 
vision is made for getting rid of surface-water. 
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Figs. 72 and 73 illustrate tlie atrangement adopted in 
some of the metropolitan dietncts for the ventilatioo 
of the sewers. Fig. 72 lepiesente the system adopted 




ill the City sewers. Tho trays containing the cliar- 
coal do not fill the entire aperture of the ventilating 
shaft, but are laid zig-zag, so that there is an open 
space through the ventilator. This arrangement is 
decidedly superior to any system in which the chai^ 
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coal is laid in mass, as an opening is left comniuiii- 
cating with the atmosphere on one side and with the 
sewer on tlie other. The charcoal is placed in trays, 
which are inserted in the shaft of the ventilator in 
such a })08ition that the gas is brought in contact 
with it, while no presBure can be exercised in expelling 
the gases from the eewera. The faults of this system FaulisofUiii 
are that the ventilating trays cannot be made to fit ''" ' ' '' 
tightly at the sides, therefore a small amount of gas 
can escape without oxidation by tho aides of the trays. 
The dirt-box, moreover, is so small that in times of 
heavy rainfall it is quite inadequate, and speedily gets 
filled with water, which, overflowing, destroys the 
charcoal. The author, having used this description of } 
ventilation very extensively, and finding that the char- 
coal so speedily got destroyed, introduced an im- 
provement upon it, which is illustrated in Figs. 74, 75, 
and 76.* The improvement consists of an arrangement pewripu™ of 







by which the water, after filling the dirt-box, can be 
passed away to tlie sewers in such a manner as not to 
destroy the charcoal, and at the same time the channel 
for the escape of the wat«r is so formed as to prevent 
the escape of the gas without its being brought in 
contact with the charcoal. Fig. 74 represents a 
section through the improved ventilator, d is the 
* Ur. Alfred WUlituoB, 61, Baokiide, London, rappUea then 
Tentilatora. 
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dirt-box, / the trays containing the charcottl, h the 
handle hy which the trays are raised or lowered when 
required, c is the forer of the ventilator, ff the grating 
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by whici) the air escaiics, o is the mouth of the over- 
flow in the dirt-box for receiving any surplus water, 
8 the trouglia for conveying the water away. They 
arc arranged nntsidc the vcntihitor, and are open t-o 
the underside of the trays of ohai-coal, as shown iu the 



VENTILATION OF SEWERS AND DRAINS. 



255 



longitudinal section Fig. 75. Any water entering by 
the opening o follows the direction of the arrows shown 
in Fig. 74, and so completely changes its direction that 
any gag entering the channel, in obedience to natural 
laws, must escape 

into the ventilator ^" ''' 

and be brought in 
contact with the 
charcoal, while the 
water flows away 
without touching 
the charcoal. Fig. 
76 shows the plan 
of the ventilator on 
the top. Fig. 77 
represents what is 
called Brooke's 
patent ventilator. 
The charcoal is 
placed in mass in 
a single tray, T, 
placed upon the 
top of the venti- 
lating shaft in a 
manner analogous 
to that shown in 
Fig. 71. No pro- 
vision is made for 
getting rid of any 
water which may 
enter the open ven- 
tilator, which is 
left to soak away, 
or overflow and 
destroy the charcoal. Messrs. Brooke have also 
another form of ventilator, which is used in com- 
bination with a street gully, and is illustrated in 
Fig. 7a 




256 



TBHTILATIOH or SEWEBS AMD DBAtNS. 



Mr. A. Jacob's patent charcoal sewer ventilator is 
represeuted in Fig. 79. 

Pw. 79. 




Tlus ventilator is extremely compact in form, and is 
intended to be used in combination witli a manhole, the 
charcoal arrangement forming part of the manhole 
cover. The chareoal is placed in a perforated cylinder 
in mass. 1'he receptacle for the dust, dirt, and water 
is very BiniiU, bo tliat the apertures provided for venti- 
lation are liable to bo speedily choked with dust or 
mud, and the meana of disposing of the overflow water 
elective. The overflow water in this ventilator is 
ntonded to be got rid of by small syphon pipes dip|>ing 
nto the dirt-box, but as these pipes will get speedily 
■hoked with mud, or may be frozen up in winter, they 
will soon become inoperative; and in the summer, 
should the dirtrbox be emptied and the ventilator is 
not kept filled with water to seal the syphons, sewer 
gas will escape by them without coming in contact with 
the charcoal. In Fig. 80 is rei>resented Harrison's 
patent charcoal ventilator. The arrangement of the 
charcoal in this ventilator is similar to tliat in Fig. 70, 
and the observations already mude upon that form of 
ventilator equally apply to tiiis form.' The improve- 
• Vidt page iSO. 
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ment in this ventUatoT consists of a movable dirt- 
box D, with ao overflow pipe from the top carried 

Pio. 80. 
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down to the bottom of the manhole, where it is made 
to dip into a pool of sewage, so that there is always 
an amount of sewage equal to the area of the descend- 
ing pipe whidi is open to the street. In Fig. 81 is 
represented Hildred's patent charcoal sewer vwitilator. HiUpBd'i 
The charcoal in this ventilator ia placed in mass,* '"" 
and consequently the objections to the use of charcoal 
in mass which have already been pointed out equally 
apply to this form of ventilator. 

• r«l< page 248. 
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The overflow water &om the atreets is intended to be 
got rid of hy means of the gipbon trap 8. It hu 




already been pointed out in coneidering the rentilator, 
Fig. 79, that siphons are not to be depended upon, and 
if the siphon arraogement of this ventilator did not 
block up with mud, or was not frozen ap in winter, in 
summer it would become unsealed from the evapora- 
tion of the water in the trap, unless it was constantly 
renewed. 

Tlie imperfcctious in the rarious forms of charcoal 
sewer ventilators which have boon brought into opera- 
tion was the means of directing the author's attention 
to the subject, and iu consequence oarly in the year 
18G9 ho introduced an improved form of charcoal sewer 
ventilator which has been very generally adopted by the 
first sanitary engineers of the day, and which is free 
from (he defects which have been pointed out in respect 
to other ventilators. The simplicity of construction of 
this ventilator and its economy in maintenance are 
points which will commend it to Uie reader's attention.* 

I these 
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The action of this ventilator will be better anderstood 
by reference to Figs 82, 83, and 84. 
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The la^er sizes combine in themselves manhole- 
cover, lamphole, and ventilator, while the smaller sizes 
fulfil the two last ofiBces. Each of the large ventilators 
consists of four parte : — 

1st The frame a, for receiTing the cover, and on the ^'"^P"" "' 
bottom of which hangs the dirt-boz and charcoal venti- 
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lator. These frames may be made either cirenlar or 
sqoare, as shown in Fig. 84 ; the square form is beet for 
paved streets oi for square shafts, the circnlsr for m»c- 
adamized roads. 




2nd, The cover o, the centre part of which is solid, so 
as to foroi an efficient cover for the charcoal and protect 
it from rain or the water used in street watering;, ff is 
the open grating in the cover by which air escapes or 
is drawn into the eewers. The openings of this grating 
are arranged concentrically, as shown in Fig. 84, and 
are formed witli the aperture wider below than at the 
street level, so that muil b not likely to adhere, or if 
it does is soon removed and falls directly into the dirt- 
box immediately below the grating. Fig. 82 shows the 
cover, which in the illustration is shown filled in with 
wooden blocks (placed endways of the grain) for deaden- 
ing the sound and giving an efficient foothold for horses. 
The covers, however, may be filled with' any other siiit^ 
able material, sach as stone, concrete, or asphalte. 

3rd. Tlie dirt-box d hangs in a groove «,mado in the 
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lower part of the frame a. The dirt-box is circular on 
plan, and the groove x is intended to be filled with 
fine sand. The weight of the dirt-box and ventilator 
pressing into the sand forms a gas-tight joint, h h are 
handles attached to the dirt-box for raising or lower- 
ing it. 8 represents an open spiral trough which forms 
part of the dirt-box, and which is used for conveying 
away the overflow water from the dirt-box to the 
sewer, o is a slot in the side of the dirt-box, commu- 
cating with the upper portion of the spiral trough, 
through which the water enters the trough. 

4th. The spiral trays i, for containing the charcoal* 
The tray is shown in Fig. 83, and when the ventilator 
is in use the tray, after being filled with charcoal, is 
screwed into the ventilator over the spiral trough «, by 
means of the handle h. Each tray consists of a central 
shaft p, which is square, and out of every face project 
arms of T-iron, as shown by the dotted lines at b, Fig. 83. 
These arms are attached at the extremities by a strip 
of iron coiled spirally, and the bottom of the trays 
is filled in with network. The arms divide the whole 
tray into so many compartments for retaining the char- 
coal, which in consequence is kept in position, or other- * 
wise it might have a tendency to slide down to the 
bottom of the tray. The trays are usually galvanized, 
to protect them from the action of the sewer air. 

To recapitulate the advantages of this ventilator: AdTuntages of 
1st. That should the charcoal concrete in the tray, or ventilator, 
if its pores are stopped with dust, no impediment is 
offered to ventilation, as there exists a free communica- 
tion between the sewer and the external atmosphere. 
2nd. That the charcoal is completely protected from 
rain or water entering the ventilator or leaking through 
the joints of the cover, consequently it will retain its 
efficiency for a long period. 3rd. That the passage 
provided for the overflow water from the dirt-box is 
not dependent upon traps or any other uncertain device 
needing assistance to maintain it in perfect working 
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Action of 
LAihain*8 Ten- 
ttUtor. 



order. 4th. The escaping vapours are aU brought in 
contact with the charcoal, it being impossible for any 
to escape by the sides of the tray or in any other way. 
The action of the ventilator may be explained as 
follows : — The spiral tray having been filled with char- 
coal broken the size of filbert nuts and screwed into the 
dirt-box, and the cover being placed in position, any 
mud or dust passing through the open grating will fall 
directly into the dirt^box. Any water entering at the 
grating would first fill the dirt-box, but when it had 
risen as high as the slot o, communicating with the 
upper portion of the spiral trough, it would overfliow by 
this channel passing under the trays of charcoal to the 
sewer. The gases ascending from the sewer in obedience 
to well-known laws have always a constant tendency 
ArriDgemeot of to ascend, and as the charcoal of the spiral tray is laid 

at an angle slightly diverging from the horizontal, 
the gases impinge upon the charcoal at every point of 
their ascent, as will be seen by reference to Fig. 85, 

which shows the 
angle at which the 
charcoal trays are 
placed ; the arrows 
show the direction of 
the gases upon the 
tmys of charcoal. 



Fig. 85. 




I 



i i i t M 



Trays not 
re(]tiired to Ht 
tightly. 



Advantages of 
di'calar |iassage. 



Any gases ascending by the spiral trough for convey- 
ing away the overflow water are brought in contact 
with the charcoal just the same as if they ascended 
by any other part of the apparatus. In this ventilator 
if the trays do not fit tightly at the side of the 
chamber no escape of gas will arise, iis the trough 
for conveying away the overflow water projects into the 
ventilator, and any gas escaping by the side of the 
tray will bo tlirown against the projectinii: trough above, 
and so into tlie mass of charcoal. The circular form 
of the passage tliroiigli the ventilator, moreover, causes 
the gases to move by a series of deflections, all of which 
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tend to bring it more intimately in contact with the 
charcoal, and the trays all being perforated there is 
nothing to interfere with the ready absorption of the 
gas by the charcoal. It has already been mentioned 
that the larger sizes of these yentilators combine a man- 
hole-cover, lamphole, and ventilator, for by removing 
the cover and withdrawing the charcoal it forms a lamp- 
hole; by further withdrawing the dirt-box it becomes 
a manhole. The arrangement of having each part '^^'^*!l*^Jj'^ 
separately movable has its advantages, as the char-, 
coal and dirt cannot get mixed. The dirt-box can be 
speedily and easily emptied by removing and capsizing 
it. The apparatus is easily fixed, and is economical in 
cost, as a much smaller amount of brickwork is required 
when it is used in connection with a manhole than is 
required in solne other forms of sewer ventilator. 
The number of ventilators to be provided for the ^""J^**^ 

* ' , voitilaton to 

public sewers of a town ought to bear a constant ratio be provided, 
to the receiving and discharging capacity of the sewers. 
The experience of the author goes to show that the sum 
total of the area of the ventilating gratings should equal 
the discharging capacity of the sewers, the discharge 
from the ventilators should be computed as taking 
place under a pressure not exceeding one-tenth of an 
inch head of water. The ventilators should be placed ^^^^J^J^ 
closer together in the lower parts of a district, and the 
space between them may be somewhat increased in 
the upper part of the district. In no case in which 
houses are connected with the sewers should the dis- 
tance between ventilators be more than 200 yards. 

As to the duration of the charcoal in sewer ventila- J^"™*^»wi of 

charcoal. 

tors, Dr. Letheby and Mr. Haywood considered that 
the charcoal would last for twelve months if kept 
perfectly dry.* In the author's experience, its duration 
depends upon its being kept dry, and also upon 
the work it has to perform. One ventilator cannot 
be expected to perform the work that should be dis- 
tributed over a dozen, and a ventilator containing 

* Fuie page 249. 
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Ventilation of 
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only a small amount of charcoal cannot remain efficient 
as long as a ventilator containing a much larger bnlk 
of absorbing material, for the ultimate power of the 
absorption of the gas by the charcoal bears a constant 
ratio to the volume of the charcoal in use. It is true 
wisdom therefore to renew the charcoal at short in- 
tervals of a month, and revive it by reburningy rather 
than allow it to remain so long in the ventilators 
as to be practically useless. The amount of charcoal 
used in different kinds of ventilators varies very con- 
siderably ; for example, the quantity used in a venti- 
lator similar to those shown in Figs. 73 and 74, having 
four trays each 14 in* by 5^ in., is 3J lbs. The quantity 
used in the author's spiral ventilator, Fig. 82, when 
combined with a 20-inch manhole-cover, is 6 lbs. 
The cost of maintaining the efficiency of a system of 
charcoal ventilators may be arrived at from actual 
experience at Croydon, where there were, in the year 
ending the 25th March 1872, 662 public charcoal ven- 
tilators of various kinds at work, and which were 
maintained in a high state of efficiency by having the 
charcoal renewed every month. The cost of these 
ventilators, including labour, new charcoal, fuel used 
in rebuming the old charcoal, &c., was 48. l^ci. per 
ventilator per annum, or the whole system would have 
been covered by a rate of one-tenth of a penny in the 
pound, levied over the whole district. The charcoal is 
renewed at Croydon by being rebumt in a set of iron 
retorts, atmospheric air being excluded during the pro- 
cess. The escaping vapours are led away from the 
retorts by small pipes inserted in the end of each 
retort. After red heat has been maintained for a short 
time, the fires are allowed to die out and the whole 
apparatus to cool before the charcoal is withdrawn 
from the retorts. 

The ventilation of house drains is of equal importance 
to that of the ventilation of sewers, for reasons that have 
been already pointed out and explained in Fig. 61, 
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page 230. Sewers cannot be ventilated efficiently 
through house drains, and on the other hand house 
drains cannot be ventilated, by the public sewers. 
Every branch sewer and every branch drain needs Ventilation 
its own separate and distinct ventilator. From the I^bnmdi. 
observations that have been already made with refer- 
ence to the sealing of house drains in periods when the 
sewers are gorged with sewage, every house drain, 
unless ventilated, becomes a hermeticeJly sealed 
chamber, and every drop of water entering a drain 
under such conditions compresses its atmosphere until 
it gains such a degree of tension as to force an exit, 
and the points of escape for sewer gas are usually the 
weakest traps, which, as a general rule, are always 
found in the interior of houses. 

All kinds of propositions have been made for the ProposiUons 
ventilation of house drains by shafts and flues of various TentUation of 
descriptions, including up-cast and down-cast shafts i»oa«« drains, 
as used in mine ventilation, but as the effects of various 
kinds of shafts have already been considered in connec- 
tion with the ventilation of sewers, it is unnecessary 
again to consider them. It may be observed, however, 
that as all such systems fail to ventilate sewers when 
applied to house drains, the failure is more marked and 
decisive as the forces at work within a house drain are 
the same as have already been pointed out as at work 
within a sewer, but are much more violent and irregular 
in their action. House drains are liable to constant 
and extreme changes of temperature, and to intermit- 
tent flow through them, conditions which materially 
affect ventilation, and at the same time render it 
indispensable if our houses are to be ensured against 
the escape of sewer gas into them. Notwithstanding 
the reasons that have been given, and which show 
that house drains cannot ventilate sewers, it has been 
seriously proposed to ventilate house drains into the ^'^v^ to 
sewers. Fig. 86 represents a form of trap intended into the sewera. 
to be introduced at the junction of a house drain 
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and eewer, whereby it is intended that the sewage 
should flow throngh the siphon-trap 8, and the sewer 
gas shonld flow from the house drain through the pipe 
A into the sewer. There are conditions, as the inven- 
tors of this trap declare, when a current of air may 



take place in the direction intended, bat it shonld be 
observed tliat air would only take this direction when 
forced, as would bo the cuso in a bermeticolty sealed 
drain, and a volume of water is passed into it which 
by increasing the pressure within the drain it would 
acquire sufficient force to escape by this passage into 
the sewer, but it would never naturally take that 
direction. On the other hiind, the circumstances may 
often be such that it would be easier for the gos to 
force a trap within a house thiui to put in motion 
a descendijig column of air; moreover, what is to 
become of such a system of ventilation as this when 
the sewers arc flooded, and when both the house drain 
and its air outlet are sealed with water, ns illustrated 
in Fig. 61, pige 230. 

In .ihc cxiwrieuce of the author, the best way of 
ventilating house drains is the true I!omnn type of 
carrying up ventilating pii)e8 ut the beads of the 
drain imd its branches. Care must bo exercised as to 
the selection (»f a oonveniont point for the termination 
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of these ventilating pipes, eapecially in those cases 

where they are not fitted with a charcoal apparatus for 

absorbing or destroying the noxious properties of the 

sewer air. The point of exit should neither be near a Termination of 

¥rindow, ventilator, or the top of a chimney, as there J^ ^ 

are at certain periods currents of air at these points 

into the house, so that if the point of discharge is 

permitted to terminate near these openings, sewer gas 

may be drawn into our habitations. Great care should SeiecUon of 

11 "j-xi- ix« /» xi- A • J J* materials for 

also be exercised m the selection of the material for venUiaUng 

the construction of ventilating pipes and for forming PP®** 

their joints, especially in cases where they have to pass 

through the interior of houses, for it must never be 

lost sight of that the superior temperature of the air 

of a house has always a natural tendency to favour 

the escape of sewer gas within rather than without the 

house. In Plate XI. is represented the section of a Pi«*«xi. 

house with its arrangements for drainage, water supply, 

and ventilation of the drains. In this case it is assumed 

that the range of water-closets forms the head of the 

house drain, and the soil-pipe V is carried up and 

forms the ventilating pipe; which may terminate 

above the eaves of the house if there are no windows 

near, or it may be carried up the slope of the roof 

either inside or outside the building, and made to 

terminate a few inches above the ridge of the house. 

In the construction of new houses, the shafts for ven- Shafu formed 

' m walls. 

tilating the drains may be formed within the walls 
of the house, in which case they must be made air- 
tight, and should be lined with glazed impervious 
tubes securely jointed. Where there are a number of Necessity of 
branches to a drain, as for example. Fig. 87, ABC branches"of* 
and D represent branches communicating with one ^™'"''- 
common drain. Ventilation provided at the head of 
the drain, or for the pipe A, will not always give 
immunity to the other branches, and for safety, all 
these branches should be ventilated for the following 
reasons: — That intluced currents will untrap all branch 
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loBuenoeof drains not provided with ventilation, or a wave or 
Md*wav*!^^*' succession of waves of water, as shown at W, Fig. 87, 



watier. 



Fio. 87. 




has the effect, as it moves forward down the drain, to 
compress the air in front of the wave and of creating 
a partial Tacuum in the rear. The effect therefore is to 
drive the air up the branches in front of the wave 
and to draw the water out of the traps behind it. 
If the house drain at any time runs full bore, it is 
liable to drain in succession every trap on the branches 
ABC and D, unless each of these branches had been 
separately ventilated. This is due to the effect of 
an induced current. This action of moving water was 
discovered in the year 1797, by M. Venturi. Fig. 88 
is an illustration taken from Ewbank's Hydraulif's, 

Fio. 88. 





B 



in which an account of the experiment is recorded 
as follows: — "The cylindrical tube K was connected 
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Pio. 89. 



to a reservoir of water D, the surface being 32^ in. 
above its orifice. The pipe E was 18 lines in diameter 
and 57 long. A glass tube, A B, was connected to its 
upper surface at the distance of 8 lines from its junction 
with the reservoir. The other end of the glass tube 
descended into a vessel T, containing a coloured liquid. 
When water flowed through K, it dragged the air at 
the mouth of the glass tube with it, the remaining air 
dilated, and finally the whole was carried out with 
the effluent water, and the 
coloured liquid rose to the 
height of 24 in. in A B. The 
glass tube was then shortened 
to about 22 in., when the con- 
tents of T rose up and were 
discharged from K." 

The author has seen an 
arrangement of drains in 
operation similar to that 
shown in Fig. 89. C repre- 
sents a cistern on the top of 
the house ; O is the overflow 
pipe, which is movable, so 
that at any time it can be 
removed to flush the drains 
or cleanse the cistern. The 
efiect of discharging the con- 
tents of the cistern has been 
to efiectually unseal the 
traps T when they have not 
been ventilated, and to in- 
duce a current of air to enter 
by these traps and pass 
along with the water, and so 
soon as the flow subsided it 
left the traps T open, and 

the drain in free communication with the house. 
Such an arrangement as here illustrated should never 




Experience as to 
effects of in- 
duoed currents. 



TtntiiitioD be used except when separate ventilating jnpes'are in- 
j^miutiui Belted at the top of the tnpe, as shown by the pipes A. 
ofiDduoBi If ventilation is introduced in this way, the efSecA ot 
the indaced current still remains, but air can enter the 
drain, and the traps will remain intact 
chtrcoai applied Charcoal mav often be applied with advautaffe in con- 
to hODK-dnln , , ^ ., .'^ . , ^, , . 

iTutiUton. nection with the Tentilatiog pipes of sewers and drains ; 
but in using it, it should be re- 
membered that if not placed 
at the top of the ventilating 
pipe, it must be protected from 
the moistore which at some 
periods of the year will condense 
on the sides of the pipe, and 
trickle down and wet the charcoal 
so as to destroy its efBciency. 
Ventilating pipes, as used in con- 
nection with the City sewer^ 
have been fitted with an appa- 
ratus containing charcoal, which 
is placed on the summit of the 
pipe, as illustrated in Fig. 90. 

This arrangement is good if 
the trays fit the enclosing cylin- 
der tightly, BO as not to allow the 
gas to pass by the sides of the 
trays; but it is sometimes in- 
convenient to place an apparatus that requires atten- 
tion in a position which is not always convenient of 
access, and on this account the author has applied a 
form of his spiral ventilator to ventilating pipes. For 
example. Fig. 91 represents a ventilator wliich may be 
placed at the head of a drain and below the ground 
level. The lid is kept tight by a sand-trap, from which 
a passage is provided to the spiral trough for conveying 
away to the sewer any water which may leak through 
the lid, and any condensed vapour descending the ven- 
tilating pipe also flows away by the spiral trough to 
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the sewer. This form of ventilatoi^ should be Dsed fen* ^ 
the ventilation of eewers in courts, alleys, or confined * 
places, for if from mischance the charcoal is neglected, 

Fiii. 01. 




the sewer gas would ascend 
by the ventilating pipe, and 
be diffused in the atmo- 
sphere without causing any 
serious injury or annoyance. 
In Fig. 92 is represented 
another form of this ven- 
tilator, which may be fixed 
at any intermediate point 
between the ground line 
and the top of the ven- 
tilating pipe. If this form 
of apparatus is fixed near 
a window or other opening, 
it may be conveniently got 
at, and the charcoal re- 
newed from time to time 
as required. Fig. 93 repre- 
sents another form of the same description of spiral charcoti ren- 
venfilator, which is applicable to the summit of a pipe, of pip^. ""^ 
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Fio. 98. 




The arrangement of this ventilator is sach that the 
projecting worm in the interior of the apparatus pre- 
vents any gas passing by the sule 
of the tray and so escaping contact 
with the charcoal. 

The number and size of ven- 
tilators required for the efficient 
ventilation of a house drain ou^t 
to be equal to the discharging 
capacity of the house drain when 
working under a pressure not ex- 
ooeding iVth of an inch head of 
water. As a ruley the number and 
size of ventilating pipes now in use 
are too few and small for efficient 
ventilation. As an example, from 
Table No. 15, page 80, a 6-in. house drain, laid at an 
incUnation of 1 in 50, would discharge 60*17 cub. ft 
per minute. Now a 3-in. ventilating pipe 50 ft long, 
calculated by the formula given at page 215, would only 
discharge 27*06 cub. ft. of air per minute, so that it 
would require at least two 3-in. ventilating pipes each 
50 ft. long to effectually ventilate this drain. 

The materials used in the construction of ventilating 
pipes are copper, earthenware, iron, zinc, and lead. 
Copper is a good material, but expensive. Earthenware 
pipes may be used Vvhen built into a wall, but if applied 
outside they are cumbersome and ill-looking, and detract 
materially from the appearance of a house. Both cast 
and wrought iron are used with advantage. Enamelled 
wrought-iron pipes form one of the best of materials 
to be used for ventilating pipes. Cast iron is also a 
good material if care is taken in the jointing. Zinc 
is very extensively used for ventilating pipes, but it 
will not last long, as it is very subject to decay ; it 
therefore should not be used in the interior of a 
house. Lead is a good material and is very durable. 
Care must be exercised in its use that it is not 
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brought in contact with lime, or it will soon become 
honeycombed and lead to the escape of gas. All ven- 
tilating pipes in the interior of a house should be so 
arranged as to be easily examined at any time. The Testing the 
pipes should also be tested under water pressure, to ^*^^ 
ascertain if they are air-tight, before being connected 
with the drains ; and it will be well, in long lengths of 
ventilating pipes, to form expansion joints, for, if the Exj^ion 
pipe is fixed tight at any point, from its contraction 
and expansion under change of temperature, it is very 
liable to fail, and lead to the escape of gas. Angles Angi«»nd 
and bends in ventilating pipes should be avoided as 
much as possible. Ventilating pipes need not detract 
from the architectural appearance of a house; indeed, 
on the contrary, they may be arranged in combination Arrangement of 
with vanes, bannerets, &c., so as to give architectural pipes, 
efiect, therefore the unsightliness of a ventilating pipe 
should be no excuse for not providing this very neces- 
sary safeguard of life and health. 



MANHOLES AND LAMPHOLES. 



No system of sewerage can be said to be complete Manholes and 
unless amply provided with manholes and lampholes, required for 
in order to secure at all periods the proper super- ^Pf^^^nof 
vision and control of the works. It has already been 
pointed out, at page 88, that sewers should be laid as 
nearly as possible in straight lines, with manholes at 
every point of lateral deviation, and manholes or lamp- Po«^oj» ©^ 
holes at every vertical point of deviation. An illus- lampholes. 
tration is given at page 90, Fig. 11, showing the way 
in which manholes and lampholes are used in case of 
a stoppage in the sewers. Previous to the iotroduction Expense and 

A 1 1 . 1 A inoonvenienoe 

of manhoJes into the system of sewerage, great expense of breaking up 
and inconvenience were often incurred in consequence "'^♦^ 

T 
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of the stoppages arising in the sewers making it neces- 
sary to have recourse to breaking up the streets, pn> 
bably in many places, before the stoppage could be 
discovered and cleared. Mr. Koe, when Surveyor of 
the Holbom district, gave it in evidence before the 
'' Health of Towns Commissioners" that the cost of 
removing the solid deposit from sewers in the Holbom 
district, when provided with manholes, was 60. lOd. per 
cube yard, as against 11^. per cube yard when the 
sewers were not provided with manholes. Moreover, 
it was stated that the Commissioners of Sewers of 
this district, in the year 1843, after paying the cost of 
constructing side entrances and flushing apparatus, had 
saved, at the end of the year, a considerable sum of 
money over and above what would have been their 
expenditure, in breaking up and restoring streets, and 
removing the deposit from the sewers, if the ordinary 
mode practised before the use of manholes had been 
adopted. The manholes of modem sewers are simply 
wells properly steined with brickwork, by which men 
can descend into the sewers, or, in the case of small 
sewers, to the sewer level. Lampholes are small shafts 
used for the purpose of suspending a lamp in order 
to throw a light into a particular part of a sewer, so 
as to enable men to inspect it from a manhole. Both 
manholes and lampholes should serve the double pur- 
pose of acting in their proper capacity, and also as 
ventilating shafts. Manholes are constructed either 
as perpendicular shafts, entering the sewer directly 
over its crown, or immediately by its side, or in the 
case of some towns, and in streets of great traffic, by 
means of side entrances placed either in the footpath, 
or at the side of the street, out of the way of the 
traffic. In Fig. 94 is represented the plan of a man- 
hole, with side entrance, as used in the London sewers. 
Fig. 95 represents a section, showing the way in which 
the connection is made between the sewer and the 
side entrance. The object of a side entrance into a 
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sewer is to enable the operations necessRry to be car- Object of ndc 
ried on in connection with a system of sewere, such as "'™'"'' 
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the raising or lowering of materials to or from the 
street level, without obstructing the street traffic, or 
being inconvenienced in the prosecution of the work 
by the traffic No doubt the construction of side 
entrances into the old sewers of London was a great 
advant^e, but the advantage is not so great in the ^i^ mtiuitti 
case of a modem system of sewers so constructed aa leir-cinuiiig' 
to be self-cleansing, and consequently not requiring the """^ 
streets to be obstructed with the solid deposit raised 
from the sewers^ Side entrances, except in rare cases 
are not imperative ; they add materially to the cost of 
T 2 
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constraction, and have some disadvantages, as they are 
apt to lead sewer gas to points near the houses. If it is 
necessary to introduce them they should be ventilated 
by pipes connected with the side entrance at the highest 
practical point immediately below the cover, and car- 
ried up to some convenient point. In all ordinary 
cases a manhole, arranged near the centre of the street, 
is preferable to a side entrance, for then the manholes 
can be used as ventilating shafts, and moreover the 
removal of a simple manhole cover, having an opening 
not more than 2 feet in diameter, is, in practice, not 
found materially to interfere with the traflSc of the 
streets. It may be here observed that if it is necessary 
to remove a manhole cover, and to leave the site, the 
opening should be protected. This is ordinarily done 
by driving small wTought-iron standards into the street^ 
and connecting them at their heads by a chain or rope. 
Manholes are constructed both square and circular in 
plan. The manholes of a side entrance, or where the 
manhole is used as a flushing station, are usually 
square; but the cheapest, and one of the best forms 
of manhole is that of a circle in plan, made not less 
than 5 feet diameter at the bottom, and tapering up- 
wards (or in the shape of the frustrum of a cone) to 
receive the manhole cover and charcoal ventilating ap- 
paratus, as shown in Fig. 54, page 185, and Fig. 64, 
page 246. By comparing this form of manhole with 
those shown on pages 250 and 251, Figs. 69 and 70, it 
will be seen how much less brickwork it is necessary to 
use in the construction of a manhole, the top of which 
contains the ventilating apparatus, than is requisite 
when a separate chamber has to be provided for this 
purpose. When the manholes are circular, the sides 
are steined with bricks, radiating longitudinally: 
9-inch brickwork is generally sufficient for most situa- 
tions. In Plate IX. is shown the general plan of the 
arrangement of the circular manholes, as designed by 
the author for the Sewerage Works of Dantzic. Whexi 



GULLIES AND TRAPS. 277 

square shafts are used tlie thickness of brickwork is 
required to be considerably greater than with the cir- 
cular shafts. The ffeueral arrangement of square shafts Square shafb. 

Plates V. & VI. 

is shown in Plates V. and VI. These square shafts, 
especially in the case of side entrances, are covered Side entrance 

• covers 

with a manhole cover, usually consisting of a frame 

either of wrought or cast iron filled in with chequered 

plates, or sometimes with stone, slate, or asphalte, and 

generally provided with wrought-iron safety gratings. Safety grating. 

In fact, in some of the London districts, the sewers are 

partly ventilated by periodically opening the manhole 

covers and fixing the safety gratings. The details of 

these covers and safety gratings are given in Plate XII. Plate xii. 

In the construction of manholes, in some districts, 
especially in cases where sand is liable to find its way 
into the sewers, it is usual to construct the floor of the 
manhole at a lower level than the sewers running 
in or out of it, as shown in Fig. 80, page 257, so as Catchpits in 
to form a catch-pit for the deposit of sand. This is **^*"' *^' 
especially necessary where works of sewerage are in 
progress of construction in sandy districts : afterwards 
these receptacles may be filled up, and a channel formed 
across the floor of the manhole, so as to prevent the 
accumulation of any matter liable to decomposition. 
Manholes may also be used for storing up sewage for Manholes used 
flushing purposes^ as described at page 185, and illus- ^Jyew! *"^ 
trated in Fig. 54. 
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A gully is an opening provided for receiving surface Gully. 
or waste water, slops, and the urine of men and animals. 
A trap is a barrier placed between the sewer on the Tiap. 
one side, and the external or interior air of our houses 
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on the other side. Ewbank says, '' The origin of traps 
is, we believe, unknown. The principle is precisely the 
same as that of water lute of the old chemist." Gullies 
and traps are closely related, for although we may 
have traps without gullies, no modem golly can be 
considered complete without a trap, and the trap and 
the gully are often so constructed as to be inseparable. 
Both gullies and traps are liable to a series of con- 
tingencies, arising from defects in construction or 
accidental derangement in working, rendering it ex- 
tremely necessary to be cautious as to the mode of in- 
troducing trapped openings communicating with sewers 
or drains within our houses. All gullies and traps are 
now formed either on the water trap or valve trap 
principle, or by a combination of both these principles. 
All water traps usually partake of the character of an 
inverted siphon, and are liable to become untrapped 
from running full bore and acting as a siphon proper, in 
which case the induced current creates a vacuum below 
the trap; air follows the flowing water, and drives or 
sucks out sufficient water from the trap to leave the 
aperture unsealed. The remedy for this defect (which 
is constantly occurring in the case of small pipes) 
is to provide free ventilation below the trap, to make 
the trap of rather larger bore than the pipe communi- 
cating with it, and to cut off all direct communication 
with the drains of our houses in a manner hereafter 
considered under the head of House Drainage, page 319. 
Another, and not uncommon cause of the failure of a 
trap is, the entry of some substance which will act as 
a siphon, and drain every drop of water out of the 
trap, leaving it unsealed. For example, the traps of 
sinks are very apt to become untrapped in consequence 
of a tliread or two of a dishcloth entering and hanging 
partly in the water of the trap and partly down the 
drain, when it acts as a siphon and drains the trap. 
The only remedy for this defect is the exercise of 
constant surveillance over all traps, and seeing that 
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they are kept properly clean, and, where possible, pre- 
venting all direct communication between our houses 
and the drains. Traps are also particularly liable to 
fail from the evaporation of the water which forms the Evaporation 
seal against the escape of sewer gas. Valve traps are " ^' 

more defective than water traps, for it must not be 
forgotten that as traps are used with the sole intention 
of preventing the back passage of sewer gas from our 
drains or sewers, as water flows down, air, by the same 
law, flows up, so that, taking the case of the ordinary 
valve known as the shackle valve, Plate XIV., Fig. 22, shackle valve, 
when this is open, water is passing through the lower 
portion and sewer gas can easily pass back over the 
water through the upper portion of the valve. Other 
kinds, such as floating valves, have been used, but all 
valves are liable to leakage from the admission of some Valves will 
foreign substance into the valve seat which prevents 
its closing. Moreover, the oxidation of the valves, 
and the injury the valve faces often sustain, render 
them a very imperfect and unsafe mode of ensuring 
the trapping of any opening communicating with our VaWe traps not 

111 iriij tobe depended 

sewers, ana such valves can only be looked upon as upon. 

a palliative against the movement of sewer air, and 

not as an eflFectual remedy to check its escape. The Uncertain 

Pa 1 J _x»* 11' action of t.-aps. 

action of traps has proved so uncertam m excluding 
the foul air of sewers entering our houses, that persons 
have been found to advocate their entire abolition, 
and the substitution of free ventilation in their stead. 
Others have increased the number of traps in our house 
drains, in the hope of excluding more effectually sewer 
gas. Traps are useful for closing the openings between Use of tn»ps. 
sewers and houses, or even between houses and the 
external air, for, if openings are left untrapped, and they 
simply communicate with the external air, at times dis- 
agreeable currents of air would be set up, which may be 
attended with inconvenience. On the other hand, if free 
ventilation is provided, unless openings communicating 
with drains are trapped, as air and gas always take the 
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Description of 
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course of least resistance, sewer gas may still esc^ie 
into our houses. The multiplication of timps has also 
its dangers. For example, if two or nuxre siphon traps 
are fixed in the same line of air-tight pipes, the lower 
siphon will effectually untrap the upper siphons, as for 
example Fig. 96. The siphons A and B are placed in 

Fio. 96. 




Every trap 
protected by 
TentilatioD. 



the course of a drain with no free opening between 
them, water is passed into the drain. above tHe siphon 
B ; it will drive out the air in the pipe between A and 
B, which, as a general rule, would bubble up through 
the water of the trap at C. The air being excluded 
betweon A and B, all tiie siphons act in unison, and 
anything affecting the trap A or B will equally affect 
the trap C. For example, if the drain runs full bore, 
all the siphons would be drained, or in another case the 
lower siphon will effectually untrap the upper siphons ; 
for if we suppose that water is miming through the 
drain, and that it suddenly ceases to flow, the flow 
would gradually subside between B and A, causinc*" a 
vacuum in this portion of the drain, and air will then 
enter through the siphons B and C, which will drive 
out the water in the trap, leaving it unsealed. The 
only remedy for this action of a siphon trap is to 
provide suSicient ventilation, so that while the action 
of the siphon remains, air may be supplied without 
having to pass through the trajw. It cannot be too 
fully impressed upon all persons using traps, that no 
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trap can be relied upon unless protected by a ventilator 
to relieve it from pressure. 

The gidlies in use at the present time are of two Varieties of 
varieties; those which are intended to pass everything ^ »«»« «««• 
entering them to the sewers, and those intended to 
intercept all heavy matter, such as road detritus. In 
some districts where the sewers have ample fall and 
abundance of water for flushing, thus creating great 
velocity and transporting power, all such matters as 
enter gullies may be passed into the sewers, but in 
the generality of towns it is advisable to intercept the A^^«»^J« ^^ 

° , •' 1 . 1 intei-cept road 

road detritus and other matters of this character, and to detritiw. 

prevent their entrance into the sewers, as such matters 

are prone to concrete when they enter a sewer, and 

create stoppages which are both diflScult and Expensive 

to remove. All modern street gullies should therefore 

be constructed to intercept road detritus, and this can 

only be secured by making the catch-pit below the Mode of 

point of overflow into the sewers of considerable depth detriSs. "^ 

and size, and of such form at the bottom, that a rush of 

water, entering the gully in time of storm, is not liable 

to stir up the deposit and carry it away. In some 

sandy districts the author has found it convenient, in 

order to intercept the sand carried down a steep road 

in time of storm, to provide a special catch-pit outside Special catch- 

the ordinary gully, in which the sand may subside. ^*' 

This arrangement is shown in Fig. 97. 

G is the gully-hole proper, and C the catch-pit for Dwcription of 

J/ Iff f 

sand. When necessary a communication closed by a 
valve may be fixed in the wall W between the sand 
catch-pit C, and the gully-hole G. Water flowing 
down-hill in the direction of the arrows first flows over 
the open grating of the catch-pit before arriving at the 
gully grating; therefore, in time of storm, this catch- 
pit fills with water, and the heavy sand subsides in the 
water, the lighter substance flowing on to the gully. 
In a sandy district, in which such an arrangement as 
this IS used, the walls of the catch-pit may with ad- 
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vantage be built in porous brickwork, so tlist, when a 
Btorm has subsided, tlie water may percolate into the 




subsoil, leaving the sand m a fit state for removal. 
Some engineers introduce two gullies placed close 
together, m order to intercept more readily the solid 
matter brought down in time of storm. 

All trapped gullies should be constructed so as to be 
impervious to water, or otherwise a loss of water may 
take place from leakage, which in many varieties of 
gully will lead to their becoming untrapped. Some 
gullies are liable to become untrapped by reason of the 
removal of the accumulation of deposit, ivhich has the 
effect of lowering tlie water line. The gullies Pigs. 14, 
15, 16, and 21, Tlate XIII., are not liable to fail from 
this cause, and on this account arc preferable to other 
forms. 

Gullies are liable to fail in time of frost, especially in 
very cold countries, as the gullies and traps get com- 
pletely frozen up, and, when a sudden thaw takes place, 
they are found locked up with ice, so that the water 
cannot readily escape, and the streets in consequence 
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get flooded. The remedy for this is to remove the 

water in the gully as far as possible from the surface. 

In some of the northern towns of Germany the water 

line is removed five feet from the surface, and the gullies 

are constructed with special reference to the breaking 

up of the ice in the traps, should it accumulate. Fig. 11, 

Plate XIII., represents the section of a street gully 

which has been used very successfully at Carlsruhe, CarlBruheguiiy, 

Germany. The gully is made in two portions, with a 

trap in the division wall. Should the trap get frozen, 

the stone S is removed from that portion into which 

the trap discharges, and a suitable tool may be inserted 

to break up the ice. It may here be stated that gullies 

communicating with the sewers proper of a town are not 

very liable to have their traps frozen, as the' superior 

temperature of a sewer in winter effectually prevents Temperature of 

the freezing of the traps; but in cases where a separate ^nP"""" 

system is provided for surface drainage, the traps of 

gullies are very liable to freeze. In all cases gullies 

are liable to become untrapped from leakage or from 

evaporation ; therefore, to ensure the integrity of the 

traps, they should have the water constantly renewed ^**«*' *^^^^ 

be renewed in 

in dry weather. This is readily done in the summer gullies. 

months with the ordinary water-carts ; at other times a 

special supply of water should be provided. All gullies 

should be regularly scavenged, not less frequently than Scavenging of 

once every six or ten days, as matters of a decompos- ^ *^* 

able character are often passed into them, which decay, 

and give off offensive effluvium, if left too long in the 

guUy. After every storm the deposit from a gully should 

invariably be removed from the catch-pit in order to 

prevent its being washed into the sewer. Gullies placed 

in situations more as a security against flooding, as 

in the floors of strong rooms and such like situations, 

are better sealed with oil, glycerine, or other liquid not Fluid used to 

so liable to evaporate as water. The gullies for stables ^i^J^ 

and cow-houses should invariably be constructed with 

good-sized catch-pits, in order to prevent, as £eur as 
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possible, the matters entering the sewers an'l choking 
Gully gratings them. GuUies are usually provided with grated 

coverings. Those for streets consist of bars, which 
should be arranged at right angles to the traffic, or 
otherwise narrow-wheeled vehicles are liiible to get 
injured in the openings between the bars ofthe grat- 
ings. The gratings for yards and sinks are usually 
perforated, and are made either of iron, brass, or 
earthenware. Care should be taken when selecting a 
gnlly, that, if the grating is removed, the trap also 
cannot be removed, otherwise, from the inadvertence 
or carelessness of servants, the gullies or traps will be 
unsealed, as is invariably the case with the form of 
trap now in general use in most houses, and called the 
bell-trap, illustrated in Fig. 1, Plate XIV. In this trap 
the bell forming the seal is attached to the grating, 
and the removal of the grating, which enables servants 
more easily to pass matters into the drain, leaves the 
house in direct communication with the sewer. The 
locking of the gratings of sinks is an evil in an oppo- 
site direction. Every grating should be made loose, so 
that the traps may be freed and cleaned of all matters 
contained in them, such as have already been men- 
tioned, as likely to lead to the unsealing of the traps. 
The size of pipe used for connecting gullies in streets 
with tlie public sewers depends upon the area of surface 
a gully may drain, but in practice the pipe should not 
be less than six inches in diameter, and for yard drain- 
age pipes of not less than four-inch diameter should be 
used to connect the gully with the drain. 

A great variety in the form of both gullies and traps 
has, from time to time, been produced. In Plate XIII. 
we have a number of illustrations of different forms of 
gullies. 

Fig. 1 is a representation of a section of a street 
gully as used at Ixelles, France. It forms a simple 
trap in itself, and is intended as far as possible to trans- 
mit all matter, both solid and liquid, to the sewer. 
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Ixelles gnlly. 
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Fig. 2 represents an English form of gully with a Gully with 
simple trap formed of earthenware at the bottom of the ™ ^* 
gnlly, and is constructed to transmit all matters to the 
sewers. 

Fig. 3 represents a Continental form of gully con- Cast-iron Con- 
structed entirely in cast iron, and intended to transmit ^ 8 y- 
all matters to the sewers. 

Fig. 4 is the representation of a gully invented by Janniaid gully. 
M. Janniard, architect of the French Government. It 
is constructed in iron, and is intended to transmit all 
matters to the sewers. 

Fig. 5 is a representation of Walker's trap. It con- Walker's gully, 
sists of a pan hung with chains, so that the sides of the 
gully dip into the pan and form the trap. The pan can 
be detached on one side so as to enable any solid matter 
to be emptied out of it, which is then passed into the 
drain below. 

Fig. 6 is a representation of Austin s gully trap. It ^"**^''** ^""J'- 
is an improvement upon the common bell-trap, the bell 
not being attached to the cover, but loose, having a 
perforated bottom, and dropping down on the centre 
cone D. The top grating is hinged and can be raised, 
and so the trap can be easily cleaned out. B is the level 
of the surface, and C of the water ; the arrows indicate 
the direction of the passage of the water to the drains. 

Fig. 7 is the representation of a street gully intro- Phillips* guUy. 
duced by the Commissioners of Sewers for London, and 
is from the design of Mr. John Phillips, C.E. The 
catch-pit and trap are constructed entirely of earthenware. 

Fig. 8 is the representation of a London gully-hole, London gully 
with the cesspit constructed under the footpath. The stre^t*?^'' 
cesspool is placed in this position to facilitate its being 
cleansed, and this form was considered suitable for 
narrow streets of great traiBc. 

Fig. 9 is the representation of a large gully with 
cesspit under the footpath. This form was considered Gniiy for streets 
suitable for streets of great traffic, where there was a ** ^** 
large amount of road detritus to be intercepted. 
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Fig. 10 is a representation of a street golly with 
earthenware trap. This giilly is made of concrete and 
in one piece. Wronght-iron bands are introduced into 
the interior of the concrete to tie the whole together. 
It has been used in Dantzic, and the material is foond 
to withstand the effects of the severe climate. 

Fig. 11 is a form of German gnlly used at Carlamhe, 
which has before* been referred to in reference to the 
influence of frost on street gullies. 

Fig. 12 represents a section of Lowe's Patent Gully. 
This is a good form of gully for yards and such-like places. 

Fig. 13 is a representation of an earthenware gullj 
suitable for small yards and courts, but the curved 
bottom, with the outlet near it with a large volume of 
water flowing through the gully, renders it liable to 
transmit detritus and other materials into the sewers. 

Fig. 14 is a representation of a double-trapped 
London street-gully, the smaller catch-pit B in this case 
is not so liable to the influence of evaporation as the 
exposed water area of the catch-pit A, and, moreover, 
the emptying of the larger ce&spit still leaves the gully 
trapped. 

Figs. 15 and 15a represent the plan and section of 
Mr. John Newton's gully. The advantages claimed for 
this gully are: — "Ist. A perfect trap at all times, the 
ordinary siphons ceasing to act when the level of tlie 
water is reduced by the removal of deposited matters. 
2nd. Very little evaporation in summer, and no liability 
to freezing in winter. 3rd. Ample space for the reten- 
tion of the road detritus. 4th. In the event of any solid 
matter accumulating in the trap, it can easily be re- 
moved when the gully is emptied. Provision is also 
made for flushing the drains through an aperture fitted 
with an air-tight stopper in the upper part of the trap. 
5tli. Unusual facilities in the fixing, no brickwork, 
stone, or cement, being required. 6tli. Economy in first 
cost and durability." In ordinary cases gullies of this 

♦ FMJepago283. 
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kind 1 ft 6 in. X 1 ft. x 2 f t 9 in. are recommended, Di»tanoe golhrn 
but when the gullies are less* than 40 yards apart a apart 
smaller size may be introduced, or 1 ft. 2 in. x 1 ft. 
X 2 ft. 2 in. These gullies are made entirely of cast iron. 

Fig. 16 represents a form of gully that has been GaWj designed 
used by the author for many years past. The trap is 
of the flat siphon variety, and is not affected by the 
lowering of the water line in the gully. Instead of 
being provided with a plain siphon of the variety 
shown in the drawing, it may be furnished with a 
siphon and junction for inspection, as shown in Plate 
XIV., Fig 16a. 

Fiff. 17 is a representation of the section of " Butt's" ^°**'* s^^J 

with loose dirt- 

Gloucester gully, with loose dirt-box. " The grating a box. 
and the dip I are made separate for tlie convenience of 
casting and lifting off, and the lower part of the dip b 
drops into a sediment-box, which box rests on and is 
regulated by half-bricks dd. By these means a stench- 
trap is formed with the water surface reduced, so as 
to lessen the evaporation, a desideratum in times of 
drought. The sides are formed of brickwork. As the 
water and filth pass through grating a and down the 
dip 6, they are finally lodged in the box c, which can 
be emptied by one man, by merely lifting out the box 
by the handles and emptying it into the scavenger's 
cart, thus avoiding the offensive and expensive mode 
of cleaning hitherto practised of pit traps ; the water 
running over in the direction of the arrows, ultimately 
escapes through the drain pipe 6." It should be ob- 
served that unless the drain e is trapped, the removal 
of the dirt-box leaves the drain untrapped. 

Fig. 18 is a representation of " Sharp's " Lancaster sharp's guiiy. 
double-trapped gully, with movable dirt-box. This 
form of gully is very similar to that shown in Fig. 17, 
and unless provided with a trap below, as shown in this 
illustration, the removal of the dirt-box leaves the gully 
untrapped. 

Fig. 19 is a representation of ** Clark's" Carlisle Clark's doubie- 

trapped gullj. 
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double-trapped gully, with movable dirt-box and bottom 
discharge. This form of gully would be rintrapped by 
the removal of the dirt-box. 

Fig. 20 is a representation of Clark's double-trapped 
Carlisle gully, with movable dirt-box and side dis- 
charge. This gully would remain trapped after re- 
moval of the dirt-box, provided there is sa£5cient 
volume of water retained in the bottom of the casing to 
compensate for the loss arising from the displacement 
of the water by the removal of the dirt-box. 

Fig. 21 is a representation of Clark's treble-trapped 
gully, wdth movable dirt-box. The great adyantage of 
this form of gully consists in the fact that it remains 
trapped when the dirt-box is removed. In all the 
forms of Clark's gully the dirt-box is provided with a 
perforated gallery round the top, so that they will retain 
floating substances, an advantage which the other forms 
of gully we have considered, with movable dirt-box, do 
not possess ; consequently with them such matters are 
washed over the lip of the box into the drains. 

Figs. 22 and 22a are illustrations showing the section 
and plan of one of Clark's gullies combined with a 
Young's valve-chamber. " These chambers and valves 
are constructed for the purpose of preventing the back- 
flow of sewage from drains in low situations in times of 
flood. They consist of a chamber fitted to the outlet- 
pipe of a street, or court gully, in which is suspended 
an india-rubber ball, which on ordinary occasions hangs 
clear of any surface water entering the chamber from 
the gully, and in times of flood is floated into a gun- 
metal seat at the mouth of the chamber, thus prevent- 
ing any back-flow from the drains reacliing the surface. 
These ball-valves are self-acting, requiring no attention 
after once being fixed. The interior of the chamber is 
provided with guides to conduct the ball into its seat, 
and so made that the ball cannot possibly become fixed. 
A movable water-tight cover is also provided for the 
purpose of inspection if required." Another form of 
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this gnlly and valve-chamber is made specially adapted Prevention of 
for smaller drains, and can be readily applied to a house ceiiaraf 
drain, and is very suitable for the drainage of cellars 
and other places liable to be flooded from the sewers. 

Fig. 23 is an illustration of the section of a catch-pit Brighton ga\\y, 
and valves of an iron gully as used at Brighton. It 
combines both a dip and valve trap. 

Fig. 24 is an illustration of the section and valves l>oalton*8gTiii7 
of a very similar gully to the former. It is made of 
earthenware by Messrs. Henry Doulton and Co., and is 
intended to be used as a street gully. As valves cannot 
be implicitly depended upon as efficient traps, these 
forms of gullies should all be fiUed up with water after 
being freed from sediment, in order to bring into action 
the water-trap which is provided. 

Figs. 25 and 25a are representations of a totally dif- Balance gniij. 
ferent kind of gully from those which we have hitherto 
been considering. It is called a balance gully. The 
gully may be allowed to fill up with water or dirt until 
the load accumulated overcomes the resistance of the 
balance-weight attached, when the valve tilts and dis- 
charges the contents of the gully into the drains below. 
This form of gully, although in use in many towns, can- 
not be recommended, for after careful examination the 
valves are never found to be tight, materials get under halves noFer 

,.,,, remain tight. 

them that prevent their closmg ; and, moreover, every 
time they discharge their contents, they allow sewer 
air to escape, as every discharge displaces at least an Discharge of the 

11 i» xi- • sewer air. 

equal volume of the sewer air. 

Figs. 26 and 26a are representations of "Thomp- Balance gully 

» »j 1 1 mi 1 1 • -I n i . with balance 

sons balance-trap. The advantage claimed for this catch. 
particular form of balance-trap is that it cannot gape, 
as other balanoe-valve traps do, with a load only slightly 
exceeding the balance-weight, as, in addition to the 
balance-valve, a balance-latch is provided, and sufficient 
weight must accumulate to move both the latch and 
pan before the valve will open, when it opens suddenly, 
and quickly closes after discharging the contents of the 
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golly. The pan is supposed to be kept air-tight by 
closing against a ring of vulcanized india-rubber. This 
form of trap has the same defects as have already been 
mentioned in considering the previous form of balance- 
valve. 

Fig. 27 represents a gully trapped with a shackle- 
valve, with manhole for inspection provided in the 
footpath. 

Fig. 28 is an illustration of a shackle-valve gaily and 
inspection hole made in one frame of cast iron. 

Fig. 29 is an illustration of a gully with catch-pit 
and shackle-valve trap. This form of gully is used by 
the Islington Vestry. The catch-pit is built in hricks 
and cement, and is 1 ft. 6 in. x 3 ft. x 5 fL 6 in. Sncha 
gully as here represented cannot be recommended, as, 
whenever it is brought into action by water opening 
the valve, sewer gas can always escape by the open 
space above the water-line. Moreover, it is liable to 
fail from other causes, which have already been con- 
sidered when speaking of valve traps.* 

In Plate XIV. are represented numerous forms of 
traps which have been introduced at various times for 
sealing the inlets of drains and sewers, and preventing 
the escape of sewer gas. 

Fig. 1 is an illustration of the section of the ordinary 
bell trap. These traps consist of a bell attached to 
the grating and dipping into the water, retained in the 
chamber of the trap, and covering the discharge-pipe. 
The seal of these traps rarely exceeds one quarter of an 
inch in depth, and they cannot be depended upon, as 
servants will remove the grating and the trap with 
them, and so place the house in direct communication 
with the sewer. Moreover the small amount of seal 
provided in traps of this class is soon lost by evapora- 
tion, especially in the heated rooms in which they are 
often placed. 

Fig. 2 is an illustration of the self-acting valve trap 

♦ FtWe page 279. 
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of Mr. Clark, of Reading. It consists of a lead receiver 
4^ in. diameter, with a brass grate on the top. The 
receiver holds about half an inch of water, into 
which the outer edge of the hollow-turned copper ball 
dips when its indented bottom rests on the top of the 
outlet-pipe, forming a valve trap. When water enters 
through the brass grating, the ball floats and allows it 
to escape, but so soon as the flow subsides, the ball 
resumes its position. This is a decided improvement 
on the ordinary bell trap, but is liable to be tampered 
with, and both the grating and valve may be readily 
removed, leaving the drain untrapped. 

Fig. 3 is a form of sink and siphon trap, introduced Trap for Surrey 
in the year 1848 for the Surrey and Kent sewers, and sewew. 
specially adopted for sinks of sculleries and areas. 

Fig. 4 is an illustration of Tye and Andrews' sink- Tye and ^ 
trap. Its advantages consist in the greater depth of " ^'^^ "^^' 
seal provided. The gratings are usually locked, which 
is no advantage, as servants should be instructed not 
to cast matters down the gullies which they are not 
intended to receive, and also to periodically clean out 
the trap in order to free it from those matters liable 
to unseal it. Ample space, therefore, should be pro- 
vided in all traps, so that the hand may be freely 
inserted for the removal of any matter prejudicial to 
the action of the trap. In the plan of cutting off* the 
sinks from drains, which is hereafter considered at page Cutting off 
319, when adopted, servants will soon find out that to J^'J^^ ^m- 
pass any matter not intended to be received by a trap, munioition 
is not to get rid of it, but that it will again be brought 
to light on the outside trap or gully. 

Fig. 5 is a representation of Antill's trap with Antni's trap. 
Stidders' lock grating. This forms a very efficient trap 
for a sink, as, like the previous trap it cannot be 
tampered with when the grating is removed. 

Fig. 6 is a trap manufactured by Mr. Finch, of Finch*>isoap 
Holborn, suitable for a lavatory, constructed in order to *"^ 
catch soap. The plug at the bottom may be removed, 

u 2 
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and the deposit of soap taken out. A is the pipe 
leading from the bottom of the basin, B is the overflow- 
pipe from the basin, and O the discharge-pipe. 

Fig. 7 is an illustration of an ordinary earthenware 
sink trap with square top. 

Fig. 8 is an illustration of a horizontal house trap by 
Messrs. Brookes', of Huddersfield. 

Fig. 9 is an illustration of a house trap by Messrs. 
Brookes, of Huddersfield, but supplied with a down 
outlet. 

Fig. 10 is an ordinary house trap of Lowe's pattern. 

Fig. 11 is the alteration of a trap for a rain-water 
pipe, as manufactured by Mr. Clark, of Carlisle. Traps 
in connection with rain-water pipes cannot be depended 
upon, unless the means are provided for constantly 
renewing the water in the trap, as in periods of long- 
continued dry weather the water will evaporate and the 
trap be rendered useless.* 

Fig. 12 represents a combined gully and trap. This 
form of apparatus will be found extremely useful in a 
variety of places, when ordinary traps could not be 
depended upon. Such a trap as this placed upon a 
main line of a drain through which water is always 
flowing, would never become unsealed in dry weather, 
and therefore could be depended upon when other traps 
would fail for want of water to seal them. 

Fig. 13 is an illustration of an ordinary trapped gully, 
showing the proper position of the ventilating pipe. 

Figs. 14 and 14a are illustrations of the plan and 
section of Mansergh's trap. This trap is specially 
intended to prevent the ingress of sewer gas into 
houses by " waste and overflow pipes from cisterns, 
baths, lavatories, bath and lavatory safes, and sinks," 
and is always to be placed outside the house. In one 
piece of stoneware two water seals are formed, and 
between the two is an open communication to the air 
by means of the surface grating. If, therefore, the 

* Vide {)age 325 as to mode of treating rain-water pipes. 
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pressure in the branch drain is sufficient to force the gas 
through the first or lower seal, it will escape into the 
air, and cannot possibly pass the second seal, and so 
enter the house. It has the advantage of receiving the 
waste water underground, out of sight ; there is, con- 
sequently, never any foul water on the surface. The 
open grating admits of its serving as a yard gully. 

Figs. 15 and 15a are illustrations of Cottam's traps. Cottam's trap. 
In Fig. 15 the trap is provided with a ventilating pipe, 
and in Fig. 15a charcoal is applied in mass, through 
which sewer air which may pass the trap is allowed to 
escape. This form of trap is called by its inventor the 
** Interceptor Trap," and is intended to be fixed close to 
the outer wall of the building. ** The receptacle for the 
water-lute is in two compartments a a, into each of 
which a diaphragm or plate h dips, and an intercepting 
chamber c is thus formed, by means of which the sewer 
gas forcing a passage is caught and carried ofi" by a 
pipe d to any convenient place for its escape." 

Figs. 16 and 16a are representations of an ordinary Flat syphon 
flat siphon trap. The latter illustration is provided "*^* 
with a junction for inspecting and cleaning the trap 
when required. 

Figs. 17 and 17a are representations of an S trap, so s trap. 
called from its being of the shape of the letter S. The 
latter form illustrated is fitted with an opening on 
the top of the trap, closed with an air-tight cap, made 
after the manner of the stopper of a pickle jar. 

Fig. 18 is an ordinary P siphon trap. This form of P trap, 
trap is largely used, and is well adapted to form the 
trap of a water-closet, and is much more readily flushed 
and kept clean than some other forms of siphon trap. 

Fig. 19 is the representation of a D trap, with venti- ^ trap with 
lating pipe V. This form of trap is very generally ^ " ' "*" '"^' 
adopted by plumbers, and is usually made in lead. It 
is also made in earthenware. It is a dip trap which 
forms a siphon, but it is not such a good form as the 
other traps hitherto considered. 
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Figs. 20 and 20a illustrate two forms of trap used in 
connection with gullies, but are not ordinarily so good 
as those represented in Figs. 16 and 16a, for reasons 
already given. 

Fig. 22 is an illustration of a pipe fitted with a 
shackle valve. This pipe is supposed to be inserted 
into the outfall sewer, to prevent the entrance of foul 
air and vermin passing up the house drain. The 
defects of this form of trap have already been pointed 
out in considering the subject of valve traps. It may 
here, however, be observed that valves of this descrip- 
tion may often be used with advantage in a line of 
sewer for the purpose of preventing the ascension of any 
large volume of sewer gas, and so may be made to 
assist ventilation.* 

Fig. 23 is an illustration of a shackle valve attached 
to a block of earthenware, and usually called a block 
valve. 
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When it is necessary to carry an outfall sew^er into a 
tidal stream, or into the sea, and the point of outfall 
is below high-water mark, the outfall must be protected 
with a tidal valve so as to prevent the ingress of water 
into the sewers of the district. It is also necessarv, 
in some cases, to protect the rain outlets or storm- 
water overflows of sewers in a similar manner. Tliis 
was found necessary in the case of the sewerage works 
of Dantzic, for although suflicient engine power has 
been provided in this town to raise both sewage and 
ordinary storm-water, yet, as a matter of precaution, 
a number of storm-water overflows have been provided 
so that, if the ergiue power necessary to raise the 
volume of water brought down by the sewers should 
prove insufficient, or the engines should get disabled 

* Vide page 245. 
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the sewers would simply overflow and discbarge into 
the river Mottlau and the branch streams communicat- 
ing witli it Now, as the Baltic Sea, into which this 
river discharges, is a tideless sea, it might be thought 
to be a simple matter to arrange the storm-water 
outlets so as not to require protection; but in order 
to ensure all the advantages of having a low outlet 
in time of storm, the level of these outlets was fixed 
at a lower point than the ordinary water-level of the 
river, for although the Baltic is a tideless sea, the 
water level of the river Mottlau has been known to 
vary 7 feet, between extreme high and low water, in a 
season, the cause of which is principally due to the 
action of strong prevailing winds. The most remark- 
able point in respect to the rise and fall of the water 
in this river, and the one which led to the fixing of 
these rain-water outlets below the level of ordinary 
water, is that the district is visited with the heaviest 
rainfalls, when the wind is in such a direction as 
to lower the mean height of the water in the river, 
and consequently, by fixing these outlets at a lower 
level than ordinary water-mark, the discharge of heavy 
storms will take place under circumstances that are 
most favourable to the sewers. It has already been Preventioaof 
mentioned that it is necessary to protect an outfall ^Ji^goutfdi. 
sewer from currents of air entering and passing up 
them in uncontrolled volumes, and so deranging all 
the means provided for ventilation and the destruction 
of the noxious gases.* If outfalls are of such size, 
and in such situations, that they cannot be made to 
discharge below the water-line, so as to seal their 
mouths, they must be provided with tidal valves. 
Tidal valves are ordinarily of two varieties : — Tankard Tidal valves : 
valves, deriving their name from being similar in tfona.^^"^ 
action to the lid of a tankard, and float valves. The 
tankard valves are constructed of wood, wrought, and 
cast iron. Wooden valves are very extensively used Wooden valves. 

* Fide pages 42 and 212. 
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in connection with drainage works in the Fen distridi 
of this coontry, and, if made of good elm or oak, will 
last for a considerable period. Valves of this descrip- 
tion made of wood are also formed like a lock-gate, or 
two doors meeting at an angle and closing against both 
bottom and cap sills. Wrought-iron tidal valyes of 
cellular construction have been used with advantage 
for large out£Edl sewers. They are light, strong, and 
durable. Cast iron is the ordinary material used for 
tidal valves in works of sewerage. Float valves are 
usually made of copper, or india-rubber, or wood coated 
with india-rubber, but they are only applicable to 
sewers of small size. They consist simply of a float 
moving between guides, and when the water rises the 
float rises into the bell mouth of a pipe and closes the 
aperture. All tidal valves should be so balanced as 
to be capable of opening with the smallest amount of 
internal pressure, and to close with the least amount 
of external force. A properly constructed tide valve is 
entirely self-acting, and the sewers regulate their dis- 
charge so soon as the height of the water outside the 
valve is lower than that within the sewer. Al] the 
working parts of a tankard valve should be bushed 
with gun-metal to prevent the valves sticking. The 
doors of cast-iron tankard valves should be strengthened 
with ribs, suitably disposed, so as to give them lightness 
and strength. These valves may either have planed 
faces to keep them water-tight, or lead seatings fixed 
in the frame may be provided, or in some cases both 
the face and seat may be formed of gun-metiJ. The 
doors of these valves are hung with both single and 
double hinges. The double-hinged doors have a 
greater amount of play, and in most situations are 
the best. In Plate XV. is illustrated a number (rf 
different kinds of tide valves. 

Fig. 1 in this plate is an illustration of an ordinary 
shackle valve. This form is only applicable for sewers 
of small size. 
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Figs. 2 and 2a are illustrations of rain-water outlets Dantzic rain 
as designed by the author for the Dantzic sewerage ^^ «*v<"^»- 
works. The rib E cast in the pipe attached to the 
valve is intended to prevent the water creeping along 
the sides of the pipe through the brickwork in which it 
is embedded. The door of the valve is provided with 
a lead face which closes against a V seating. The valve 
is provided with a ring O, to which a chain may be 
attached in order to open the valve and admit water 
to the sewers^ if required^ for flushing or any other 
purpose. 

Figs. 3 and 3a illustrate an elevation and section Tide valve with 
of a caslriron tide valve, hung with links, forming a ^^ ^*"^*' 
double-jointed hinge. 

Figs. 4 and 4a illustrate an elevation and section of Tide valve fitted 
a cast-iron tide valve fitted to a length of cast-iron pipe, ^ ^'^ 
and hung with double hinges. 

Figs. 5 and 5a illustrate an elevation and section of Tide valve with 
a cast-iron tide valve fitted to a length of cast-iron pipe, *™^ ® ^^^^' 
and hung with smgle hinges. 

Figs. 6 and 6a iUustrate the elevation and section of Tide valve 

. . ..J 1 r 1 'J J 'xi- for oval sewer, 

a castriron tide valve for an oval sewer, provided with 
double hinges. 

Figs. 7 and 7a illustrate the elevation and section of Oblong tide 
an oblong cast-iron tide or storm-water outlet valve, ^ ^^' 
hung with double hinges. 

Figs. 8 and 8a are illustrations of the elevation and Tide valve in 
section of a cast-iron tide valve opening in two fiights. ®" * "S? • 
This form is adapted to the construction of large valves, 
but care must be exercised in their fitting and finish- 
ing, otherwise the hinge in the centre of the door will 
be liable to stick, and the valve to get out of order. 

Fig. 9 is an illustration of the mode of intercepting Mode of int^r- 
large and pure rainfalls from sewers, and admitting the J^„^^ Zm 
small and impure rainfalls. It is fully described at ^wers. 
page 26. 
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Useof peu- Penstocks are sluices fixed in a sewer for the purpose 

stocks. ^£ regulating or controlling the current, or to stop the 

flow and pen up the sewage when required for flashing 
Penstocks used or any othcr purpose. The use of penstocks in some 
asasdeguAixL gJt^a^^iQI|g jg absolutely necossary, as, for example, in 

the case of a tidal outfall ; they should invariably be 
fixed as an adjunct to a tidal valve, so as to secure the 
closing of the sewer in the event of any accident 
happening to the tide valve which may prevent its 
closing and excluding the tidal waters. They are also 
used in cases in which it may be necessary to divert 
the sewage from one line of sewers into another line. 
Penstocks are made of wood and iron, or a combination 
of both. The penstocks usually adopted in sewers are 
made with cast-iron frames and doors. They can be 

Mode of raising made of any size or shape. The doors are usually 

raised or lowered by a rack and worm-wheel motion, 
or by chains passing over drums. The rack and worm 
motion is decidedly the best, as it is found that doors 
raised by chains are liable to move by sudden jerks, 
which are prejudicial to the stability of the apparatus. 

Faces of doonj. The doors are kept water-tight by having the face of 

the frame, and the face of the door planed or fitted 
with gun-metal, and the faces are brought into con- 
tact by means of wedges fixed on the back of the door 
and in the frame, bo that, when the door is loweretl, 
it wedges itself up tight against the face of the 

Mode of fixing, frame. In fixing penstocks, especially in cases where 

the doors are made of wood and are liable to spring, 
the hydraulic pressure should be so arranged as to 
press the door with its rack against the worm-wheel. 
The doors of all large sluice valves are usually pro- 
vided with counter-weights to balance the door and to 
diminish the labour of raising them. They are also 
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often fitted with compound gearing for opening them, Compound 

as, for example, Fig. 1, Plate XVI., A and B are two 

spindles. On the spindle A is fixed a small cog-wheel 

which gears into a larger wheel on the spindle B. If 

a man applies a key to the spindle A, he can bring 

great power to bear in moving the door, but it would 

be raised very slowly. So soon as he has started it he 

can place his key on the spindle B, and very quickly 

raise it to the full height. The openings in the Working part* 

bridges for carrying the spindle and worm-wheel, and gun-m6tai. 

every other working part liable to get fixed from rust, 

should be bnshed with gun-metal. In Plate XVI. the ^"^"T ""^ 

drawings of a number of different kinds of penstocks of 

cast iron are given. 

Figs. 1 and 1a are illustrations of the elevation and 
section of a penstock for a large circular sewer. It is ^^^^^ o^ 
fitted with a counter-weight, and compound gearhig 
for moving and raising the door. 

Figs. 2, 2a, 2b, and 2c are illustrations of the eleva- ^*^<^ i*°- 

. . stock. 

tion, plan, section through door, and section through 
the rack and worm gearing of a cast-iron penstock, as 
fitted, for flushing purposes, to the mouth of the siphons 
which are used at Dantzic, for conveying the sewage of 
the town under the rivers to the pumping station. 

Figs. 3, 3a, and 3b are illustrations of the plan, Penstock for 
elevation, and section of a cast-iron penstock fitted 
with counter-weights, and adapted for a sewer of oval 
section. 

Figs. 4, 4a, and 4b are illustrations of the elevation, f *°8*<«k for 

, , , uirge sewer in 

section through gearing, and section through door, shallow cut- 
showing the wedges W for closing the door. It is a **°^' 
cast-iron penstock adapted for large sewers in shallow 
cuttings, or in cases where there is not sufficient head- 
way to introduce a penstock of the ordinary construc- 
tion. The door of the penstock is divided into two 
parts, and on each a separate rack and worm-wheel is 
fixed, but only one spindle is used. The efiect, there- 
fore, when the door is raised, is for the lower portion of 
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the door to move over the upper portion, at the same 
time the whole door is raised out of the sewer, bat 
when raised only requires half the headway to accom- 
modate it as is required by a whole door. The door 
is also more quickly raised out of the way by this 
arrangement ; but whole doors are preferable when 
they can be used, as this form is more complicated and 
liable to derangement. 
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Caat» in which j^n sewers that are tide locked should be provided with 

Mwage muft be _ « , • .i j • i . « , 

stored. the means of storing the sewage dunng the period the 

sewers cannot freely discharge their contents. lu some 
cases, also, when it is necessary to raise the sewage of a 
district by artificial power, ample provision should be 
made for stowage, so that, in case of accidental de- 
rangement, or the- temporary stoppage of the pumping 
machinery, from any cause, the district should not be 
inconvenienced by an accumulation of sewage. More- 
over, in some cases, it may be found more economical 
to store the sewage of a districit for a limited period 
than to have to resort to continuous pumping. In some 

Discharge into cascs, also, whcro it is desirable that the discharge of 
sewage into a tidal way should take place at a particular 
state of the tide, it may be necessary to store it. For 
example, the great outfalls of the London sewerage 
are so arranged, that, by means of, reservoirs, the sewage 
is stored so as to be discharged near the point of high 
water. The advantage of securing the discharge near 
this point is that the ebbing tide carries the sewage 
away ; and it has been calculated in this case that 
the reservoirs provided for impounding the sewage 
are equivalent in eflTect to the construction of twelve 
miles of outfall sewer. The means usually provided 
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for BtoriDg sewage aro opes or covered reservoirs and Modeof itmii^- 
tank sewers. If reservoirs are used every step shoald """S^ 
be taken to prevent their becoming places for deposit. 
This can be done bv bo arranging the outlets and 
inlets as to be able to completely flush every part of Fiiuluag 
the work. Covered reservoirs are preferable to open, ''•'"™"- 
and they are generally covered with brick arches Coo.traciion of 
springing from the side walla and piers, or from cast """'"'^ 
or wrought iron girders which span the reservoir. CoutmctioD of 
Tank sewers arc formed by either enlarging the oat- * 
{a,\\, or some convenient branch sewer, for a sufficient 
length, 80 aa to make it competent to store all the 
sewage required during the period the sewers are tide 



look Miren. 




locked. Pig. 98 is a longitudinal section at the point of i>««npUon of 
junction, at the head of a tank sewer, and the ordinary * 

sewer as designed by the author for the town of Bide- 
ford. The tank sewer in this case is oval in section, 
5 ft, X 3 ft. 4 in , while the outfall sewer is circular, 
2 ft. 3 in. in diameter It will be seen from the above 
figure that the sewer is enlarged or deepened below the 
ordinary level of the town sewers, and that the enlarge- 
ment meets the ordinary sewer iu a line of donble 
curve, BO that, when the outfall is free, the sewage flows 
with considerable impetus into the tank sewer, washing 
everything to the outfall, and thus keeping this recep- 
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tacle free from deposit. In this case the cleansing of 
this tank sewer from deposit, should it arise from any 
cause, can be facilitated by damming back the sewage 
with the flushing door shown in Fig. 98, so that a large 
volume of sewage may be concentrated and suddenly 
discharged into the confined channel of the tank sewer. 

In some works, when the construction of tank sewers 
would be more expensive and inconvenient, it may be 
desirable to construct reservoirs for storing the sewage, 
but for all ordinary works of sewerage the tank-sewer 
system is the preferable mode of storing sewage. 

The volume of sewage to be stored in the case of tide- 
locked sewers will entirely depend upon the period of 
time in which the ebb and flow of the tide occurs, and 
in every case careful observation must be made on this 
point. It will also depend upon the uncertain volume 
of storm water, if this water is admitted into the sewers, 
but in all cases where sewers are tide locked the prin- 
ciple of interception, as treated of at page 94, should be 
adopted, and as far as possible the storm waters should 
be excluded from the tide-locked sewers, so that but 
little provision need be made for the reception of an 
uncertain volume of sewage to be received at unknown 
periods. In some cases the mode described of intercept- 
ing rainfall, at page 26, and illustrated in Plate XV., 
Fig. 9, may be adopted with advantage, in the case of 
sewers that are tide locked, in order to relieve them 
from any large volume of rain-water, which, if admitted 
into the sewers when they are full, might lead to the 
inundation of the low-lying premises draining to the 
sewers. 
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INVEKTED SIPHONS. 

In many works of sewerage, inverted siphons are re- Uscofinyerted 
quired to be introduced in order to overcome the **^ ^^ 
physical difiSculties often met with in the course of a 
sewer, such, for example, as the crossing of a navigable 
channel, a stream, or valley which could not con- 
veniently be bridged at the level at which the sewer 
must be constructed. 

Various arrangements have been adopted, both in 
the form and mode of construction of inverted siphons. 
Experience has demonstrated that there are some 
forms of siphon which, in certain cases, it is preferable 
to adopt, as they may be termed self-cleansing. In jD^pt'onof 

Fio. 99. 



O V 




Fig. 99 is represented a siphon for conveying filtered 
sewage from the pumping station at Dantzic across the 
Eiel-Graben ; it will be seen firom the illustration that 
it follows pretty closely the outUne of the bed of the 
river. It has two inclined planes down which every- 
thing entering the siphon has first to descend and then 
to ascend. It has been found that when siphons of this Siphons liable 
description have been brought into operation to convey *** •*°M»ge« 
crude sewage, and that in uncertain volume, the heavy 
matter carried by sewage accumulates at the lower point 
of the siphon S, greatly interfering with its action, so 
much so that it has often been found necessary to lay a 
copper-wire rope through siphons of this description to 
which a brush may be attached, for periodically remov- Removal of 
ing the deposit and maintaining the siphon in working ■***?!*«**• 
order. In Fig. 99, V represents the position of a valve Fiiuhing and 
for closing the rising main, so that the sewage for flush- ^^^^f 
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ing'purpoBee can be directed through an outlet at O into 
the river. V is a valve on a 3-in. pipe, which may be 
opened at pleasure for the purpose of dischai^ng air 
&om the descending leg of the siphon. It was the know- 
ledge of the difficulty of working a siphon of the fore- 
going description with crude sewage at Warwick, which 
led the author, in designing the outfall works of that 
town, when it became necessary to convey the sewage of 
the district under the river Avon, to adopt the form of 
aiphoQ shown in Fig. 100. This siphon is 150 ft. kmg 



Fia. 100. 




between the wells, and constructed of a single line 
of 24-in. cast-iron pipes. The pipes were laid in a 
Pluabine of (hit coffer-dam m the bed of the river. The head of the 
^^' pipe H is provided with a valve by which means water 

may be allowed to accumulate in the well and in the 
aewer above, wliich may afterwards be discharged with 
Proriiion for considerable velocity through the pipe so as to effeo- 
^'•^"^ tually flush it. The well O .at the lower end of the 

siphon is deeper than the bottom of the siphon, and 
ample space is here allowed for the accumulation of 
any solid matter which the velocity of the current 
will not carry upwards to the overflow sewer. The 
solid matter in the lower well ^may be removed by 
periodically dredging it out, and if this work is pro- 
perly attended to, no fear need be entertained as to the 
working of this form of siphon, as the experience of 
some years' constant work clearly demonstrates. In 
Dnnttic siphons Yig. 101 is sliown the form of siphon designed by 
Kvagt. the author fur the sewerage works of Uantzic. It 

will be seen by reference to Plate I., that the sewage 
of Danfzic is conveyed by the sewers to the pumping 
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BtatioD, which is located on an island. In order to get Nanidtj for 
to this island, two navigable channels have to be atEubKr"" 




crbssed, and in these channels it is necessary to main- 
taia a navigable depth of 15 ft. of water, and as the 
foundations of the pumping station could not be carried 
very deep on account of the nature of the site, the only 
possible mode of connecting the sewer with the pumping 
station was by means of inverted siphons. The siphon 
under the Mottlan Kiver is 80 yards long and 27 in. 
internal diameter; that under the Kiel-G-raben is* 55 
yards long and 18 in. internal diameter; they are 
shown in Figs. 1 and 1a, Plate XYIL Both siphons 
are formed of wrought iron, and were each sunk in 
position in one piece. In carrying out the Dantzic 
sewerage works, inverted siphons form an essential 
feature in the scheme on account of the town being 
intersected by navigable channels, and surrounded 
with fortification ditches which divide the suburbs 
from the town proper, and over them ditches the au- 
thorities will permit no permanent works to be carried, 
and all works carried under the water in the fortifi- 
cation ditches are required to be constructed at such 
a depth as to maintain 6 ft. of water over them when ^^ l*rgo 
completed. Also, on account of the- main river Vistula ^^"^ 
cutting off the town from the land on which the sew- 
age has to be distributed, no less than six large 
wrougbt-iron siphons have been introduced. One of 
these is laid across the Vistula, and is 160 jrards in 
length, over which a depth of 18 ft. of water is main- 
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Description of tained. This particular siphon is 22^ in. internal 
v^t*'uu°^*' diameter, and weighs about 24 tons. These siphons 
like two others which deal with the sewage after leavbg 
the sewage pumping station at Dantzic, are of the 
description shown in Fig. 99. This form was adopted 
for convenience, and is not so liable to stoppage as an 
ordinary siphon conveying crude sewage, as the sewage 
in this case has had strained from it, at the pumping 
station, all heavy matter, before being permitted to 
enter the siphons. Moreover, ample provision has been 
ProTision for made SO that each of the siphons of this description 
us ing sip&oD. ^^^ ^ eflfectually flushed ; as a communication is made 
with the channels crossed, and the pumping engines 
are enabled to deliver, at the low elevation of these 
streams, such a volume of water as will effectuaUy 
flush the siphons. It must not be forgotten, in the 
construction of all siphons, that either by artificial 
flushing, or naturally, such a velocity must be created 
thiough them as will effectually remove any deposit 
In the case of those under the Mottlau and Kiel- 
Graben at Dantzic, which convey the crude sewage to 
the pumping station, each siplion is fitted with a pen- 
stock at its head, of the description shown in Fig. 2, 
Plate XVI., so that by damming up the water, and 
pumping out the sewage well at the pumping station, 
M^tti*"^ * d^ ^^^ starting both engines to work, a velocity of 
Kiei-Graben 9 ft. per sccoud could be maintained for a short time 
siphons. through them. Both engines, without the sew^age well, 

would maintain a constant velocity through the largest 
siphon of 3 ft. per second, which is ample for insuring 
its being properly cleansed. Moreover, each siphon 
forms an inclined plane, the first portion of which is 
much inclined, as shown in Plate XVII., Fig. 1a, then 
joins with an easy curve the part less inclined. By 
i^din^^'iTne"* *^^^ arrangement anything that may enter the siphon 

will be carried down the continuous inclined plane, and 
either be deposited in the catch-pit provided for its 
reception at the lower end of the siphon, or passed 
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onward to the pumping station. These siphons are Protection of 
protected at their inlet by a horizontal grating which ^^^^l^^ ^ 
completely fills the shaft, and placed at a level below 
the invert of the sewers, but above the mouth of the 
siphon. This grating is formed of bars of wrought iron 
set in a frame, about 3 in. apart, so that any large 
substance will lodge upon it and be prevented from 
passing into the siphon, the details of which are shown 
in Plate XVII., Fig. 2 to 15. This grating is hino:ed Description of 

. . DO n Plate XVII. 

SO as to be capable of being raised out of the way, and 
to enable the catch-pit at the mouth of the siphon to be 
dredged. In the Plate are shown the details of the 
construction of the siphons and wells as executed for 
conveying the sewage of Dantzic under the rivers. 

Fig. 1 is a plan showing the general arrangement Plan of siphons, 
of the siphons under the Mottlau and Kiel-Graben, 
in reference to the position of the pumping station 
at Dantzic. 

Fig. 1a is a section through the siphons as used in Section of 
crossing the Mottlau and Kiel-Graben at Dantzic, 
showing the general arrangement in respect to the 
pumping station. 

Fig. 2 shows the plan of the manhole, with the Plan, inietshaft. 
sewers, siphon, and storm-water overflow, forming the 
inlet shaft to the Mottlau siphon. 

Fiff. 3 is a section on the Una A B. It shows the Sections, inlet 

shaft. 

storm-water overflow, the outfall sewers, and the hori- 
zontal grating used for the protection of the siphon. 

Fig. 4 is a section through C D, looking east. It 
shows the mouth of the siphon with the penstock for 
flushing and the position of the guard grating. 

Fig. 5 is a section through C D looking west. 

Fig. 6 is an enlarged plan of a portion of the guard P^^n of guaiti 
grating. ^""'^- 

Fig. 7 is an enlarged section of a portion of the guard Section of 
grating, on line a 6. • ^"^ S'^""«- 

Fig. 8 is a section of guard grating on line e d. 

Fig. 9 is the plan of the bottom of the outlet shaft. Plan of ouUet 

X 2 sliafl. 
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Fig. 10 is a plan of outlet shaft at level of stonn- 
water overflow. 

Fig. 11 is a section of the outlet shaft on line A B. 

Fig. 12 is a section of outlet shaft on line C D, show- 
ing the storm-water overflow. 

Fig. 13 is an enlarged section showing the mode in 
which the siphons are constructed. 

Fig. 14 is a transverse section of the siphons. 

Fig. 15 is a transverse section showing the flange 
joints. 

The large siphons used in the Dantzic works are 
made of |-in. wrought -iron boiler-plate, riveted to- 
gether with J-in. rivets having a pitch of 2 in. The 
rivet heads, in the lower half of the siphons, are all 
countersunk, as shown in Fig. 14, Plate XYIL, so as 
to ofier no impediment to the transmission of any solid 
matter through the siphons. The siphons were all 
built up in lengths of about 40 ft. Angle iron was 
riveted on the end of each length of pipe so as to 
form a flange joint. These sections were afterwards 
bolted together with f-in. bolts, the same number of 
bolts being used in the flanges as there were rivets 
encircling the pipe, and the pipes were subsequently 
sunk into their proper position. In cases in which 
there is an amount of traffic on any navigable river it 
is requisite to cross, the use of wrought-iron siphons, 
laid in one operation, will be found to be the most 
expeditious manner of crossing such channel. The 
mode adopted of laying the siphons at Dantzic was 
as follows:* — A trench was dredged in the bed of the 
river to the requisite depth to receive the siphon. It 
was found in excavating these trenches to be better 
to go a little deeper than might appear necessary, in 
order to guard against the efiect of currents filling 
the trench up before the siphon was laid. The trench 
having been dredged, the pipe was bolted togetlier 

• The work of lowering the syphon into position at Dantzic waa 
entirely performed under the direction of Mr. Thomas Airey, the 
resident Engineer on the works. 
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on the side of the river, and tested Under hydraulic Test of siphons, 
pressure to ascertain if it was tight. All being satis- 
factory, a few of the joints were separated, and the 
siphon was floated in sections on barges to the site 
where they had to be laid. The barges being placed Use of barges, 
in position over the site intended for the siphon, all 
the sections of the siphon were bolted together, the 
siphons were closed at the lower end, and in the 
case of siphons similar to that shown in Fig. 99, at 
both ends. The siphons were also thoroughly coated Coating of 
with a mixture of pitch and linseed oil, before being 
6xed in position ready for sinking. The joints were 
made with india-rubber and afterwards run with 
lead and caulked. The barges used in the sinking of 
the siphons were each 48 ft. long by 10 ft. wide, the 
siphon was laid across the ends of them, and they were 
adjusted as to their level by means of ballast which 
had been taken on board. A temporary derrick was 
erected in each barge, together with a crab, block and 
falls, and used as shown in Plate XVIXI., for bring- Plate xviii. 
ing the pipe into position. So soon as the pipe was 
lifted by uniform working of the crabs, it was slung 
forward free of the barges into the water, and in this 
position it floated. The siphon was now steadily fiU^ Filling with 
with water by the aid of a fire-engine, and gradually 
allowed to sink, the operation of lowering being 
checked by marks placed at equal distances in the 
fixed rope of the falls. When it had been sunk to the 
requisite depth it was held in position, and sand was Filling of 
thrown in from barges, which by the action of the water *"°*^ 
soon filled up every crevice and hollow place, and 
formed a firm bed for the reception of the pipe. The 
whole operation of laying these siphons at Dantzic was Simple 
one of extreme simplicity ; the work occupied but a ^P®™*"®°* 
short time, the principal labour being the supply of the 
necessary quantity of water to enable the siphon to 
sink. In sinking the large siphon across the Vistula, 
twelve barges with their crabs and derricks were used. 
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In laying the siphon across the river Mottlao, the 
Kiel-Graben, and the fortification ditches, the bottom 
portion of the outlet shaft, as shown in Fig. 11, Plate 
XYII., was attached to the siphon and sunk with it 
The success attending the laying of these siphons is 
such as to demonstrate the practicability of laying much 
longer and larger siphons should they ever be required. 
Rugijr nphoD. A good example of the application of an inverted 
siphon will be found at Rugby. Previous to the year 
1866, all the sewage of the town of Bugby was allowed 
to flow down to the lower part of the district from 
whence it was pumped up upon land in the neigh- 
bourhood. The author, in the above year, designed a 
scheme, by which the sewage of the whole district was 
made to flow by gravitation on the very land upon 
which it had been raised by pumping for some years. 
This was done by conveying the sewage from the 
higher portion of the town, across a valley, by an in- 
verted siphon 12 in. diameter, and 1000 yards long, 
to the highest portion of the irrigated land, and the 
sewage of the lower district was passed by a sewer 
under the rising ground to the lowest irrigated fields. 

In this Rugby siphon, arrangements were made by 
providing an outlet at the lowest point of the valley 
which communicated with the low-level sewer, and the 
lower irrigated fields, by which means the siphon could 
be flushed out when required. 

There is a siphon on the sewerage works at Hamburg, 
in which the velocity maintained is so great that, for 
the edification of visitors, cannon balls are transmitted 
through it by their own impetus and the velocity of the 
current. 

In the construction of long inverted siphons ventila- 
tion must not be omitted, especially in the descending 
leg of the siphon, or otherwise an accumulation of 
air, or gas, may greatly interfere with its discharging 
power. The simplest mode of ventilating siphons is 
by pipes carried up to such a level, that if the flow 
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tlirough the siphon is interrupted, the ventilating 
pipes will not overflow. Ball ventilating valves, 
similar to those used in lines of water pipes, are not 
suitable for sewage works, as the author found from 
experience that the frothy matter which escapes con- 
veys solid deposit which soon blocks up the apparatus. 
For the purpose of calculating the discharge of a siphon Diadharge of 
pipe, it may be treated as an ordinary pipe, provided "'^ ^°*' 
that if there are any bends the resistance offered by 
them must first be calculated by the formula given at 
page 90. The head necessary to overcome the friction 
of the bends being ascertained, and deducted from the 
actual head of water on the siphons, will give the head 
under which the discharge will take place, and which 
may be calculated firom Weisbach's formula given at 
page 74, or if worked out into the rate of inclination by 
dividing the length of the siphon by the head of water 
on it, the velocity and discharge may be ascertained 
sufficiently near for all practical purposes from Tables 
Nos. 15 and 21. 



SUBSOIL DRAINAGE OF THE SITES OF 

TOWNS. 



The results arising from the drainage of the subsoil of 
a town in carrying out works of sewerage have already 
been referred to at page 32. The advantages of com- AdyaDtag«s of 
plete subsoil drainage of the sites of towns appear to drainage, 
be 80 great that every effort should be made, and no 
expense spared, iu order to secure perfect works for 
drying and asrating the subsoil of all urban districts. 
The extensive works of subsoil drainage that have been 
carried out in every civilized country in the interest of 
agriculture, show beyond doubt that both the health Agricultural 
of animals and plants is materially benefited by works °***' 
of this character. In town districts, where the soil to 
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some extent naturally becomes polluted by the absorp- 
tion of gaseous impurities from the air, or by the 
admittance by percolation of decomposing matter firom 
the surface, it is absolutely necessary, in order to 
render the soil capable of performing its function of 
oxidizing and neutralizing the elements of decomposi- 
tion which are brought into contact with it, that works 
of sub-drainage should be prosecuted. It is now well 
known that the abundant admission of air into a soil 
enables that soil to exert the most powerful chemical 
influence upon all organic compounds, so great indeed 
as to be capable of purifying the crudest sewage. 
The effect of drainage upon the soil is to promote 
porosity, and the effect of porosity is to make the 
soil dryer, warmer, and less capable of conTeying 
extremes of temperature. It is also well known that 
a soil perfectly saturated with water, which can only 
part with its water by evaporatioD, is rendered cold 
and unwholesome as a site for human dwellings, for 
all impurities that enter the soil accumulate. Soils 
which are naturally porous, from which rain rapidly 
disappears, are known to be the healthiest situations 
for the sites of houses. In this case, the action of the 
soil oxidizes all organic impurities, the resulting pro- 
duct is wasted away by the rain, and the soil remains 
sweet and wholesome. The advantages of site appear 
to have been known from the early ages of antiquity. 
Vitruvius in his works lays down special instructions 
for selecting the sites of towns and hospitals, mainly 
regarding the quality of porosity and the perfection 
of drainage ; the absence of a water-logged soil being 
looked upon as the best situation for the location of 
buildings. It has been clearly shown from experi- 
ments that the effect of drainage upon ordinary agri- 
cultural land is to render it less capable of convey- 
ing extremes of temperature. Undrained fields are 
sooner affected by the lower temperature of winter, or 
by sudden showers of sleet and snow, than fields of the 
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same class that are drained. In summer the effects of 
the admission of water or rainfall upon a soil which is 
drained, and which circulates freely through the soil, 
are highly beneficial. It has already been pointed 
out that drainage works promote porosity ; so rain, 
falling on the surface of a town and percolating 
through the soil, rapidly carries with it all those dele- Rain washes a 

. » ji_«i_»x"L i»*i-^ drained soil. 

terious compounds which m the presence of air have 
been neutralized, and a healthy circulation takes 
place ; the soil is, as it were, washed by every shower, 
and retains its virgin purity. In what way the works 
of subsoil drainage can be carried out in a town, with 
the greatest advantage, is a matter which has re- 
ceived some considerable degree of attention at various 
times. Formerlv, when sewers were constructed with a 
view to carry off the surface and subsoil water, it was Pervious 
customary to construct the inverts of the sewer so ■®^*"' 
porous as to readily admit water from the subsoil ; the 
sewers, being constructed in brickwork, had their in- 
verts laid dry. It cannot be overlooked that where 
a system of modern sewers is designed to convey away 
all the refuse of the town, the effect of constructing 
the inverts of such sewers pervious, is, that at cer- 
tain periods of the year the sewage will escape into 
the subsoil and poison the subsoil water of the dis- 
trict ; therefore it is necessary that wherever subsoil 
drainage works are undertaken, they should be so 
designed and constructed, if it is intended to keep 
the subsoil water free from contamination, that it SubsoU water 
shall be impossible for matters to escape fix)m the ^J^f^Jated. 
sewers so as to pollute the subsoil water. Various 
plans have been devised for effecting the subsoil 
drainage of a town. It has been proposed to construct 
the sewers of two parts, the upper to convey away 
sewage, and the lower to be pervious, to convey sub- 
soil water, as shown in Fig. 102; but in practice it is Description of 
found that it is almost impossible to make the joints of *^' ^^ ' 
the sewers so tight but that at times they will leak, and 
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in coiiBcquence sew^e gravitates to the sobsoil draiu 
and pollutes the water. A modification of this pUn 
has lately been patented b^ 
Fio. 102. Messrs. Brookes and Soni, 

of Huddeisfield, and killas- 
trated in Fig. 103. In this 
case, sabaoil draina, D, of 
eaithoiware, are laid in the 
sewer trencli, and these 
drains are so shaped as to 
serve for the foondation sA 
the sewer. On these sob- 
soil drains, rests (B) ate 
placed to receive the sewer* 
pipe, which is carried above 
the subsoil drain. It is 
coiiteuded that by thb 
mode of execating a sewer 
in bad and wet ground, the joints of the sewer may 
be properly made in cement, so as to render it water- 
tight ; but still this system has the objection that if 
leakage does take place from the sewer, the water in 
the subsoil drain most become polluted. Moreover, 
this plan of carrying the pipes on rests causes every 
pipe to act like a girder, wliich, under some circum- 
stances, may lead to their failure in the work. In 
SubtoajraiK^ carrying out the sewage works of Dantzic, Mr. Wiebe 
works, ftmiiic. ^^^ ^-^^ author introduced a plan of subsoil drainage 
which meets all the difficulties, and secures all the 
advantages which are required in carrying out works 
of this character. The method adopted is shown in 
Figs. 104 and 105, The sewer proper S, whether con- 
De»cripiion of structed of brickwork or earthenware pipes, was Brst 
'*' * laid in the trench and covered over with a layer of 

flay iiuddle C, which was well and carefully rammed 
into position. In some cases, over this clay, several 
feut in depth of the trench ^verc tilled in with selected 
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gravel, showa by 6, Fig. 104, which is perfectiy per- 
vious, and upon this gravel the ordinary materials 
excavated, E, were placed; the arrangements for the 




discharge of the Bubeoil water were ao managed that 
every lateral line of sewer is proviled with a free dis- 
cliar^e into the river In other cases the method shown 
in Fig. 105 was adopted after the insertion of the sewer D«nripUaa of 
and its covering of clay ; two lines of ordinary agiicnl- ^' 
turat land drains were laid on each side of the trench, 
so as to commnnicate directly with the sur&ce-water 
streams of the district. Subsoil drainage may be carried 
out in most places in the way delineated in Fig. 105, 
care being taken that the sewers are rendered imper- 
vious, so as to prevent the escape of sewage, porous drains 
being laid immediately above them ; the subsoil water 
may be conveyed to any convenient point, and air may 
be admitted freely into the subsoil, while the expense EipmM of 
of the work is trifling compared with the advantages trifling c.!^ 
to be gained. In some situations, such as in very low- P*™* """^ 
lymg and swampy districts, it may be necessary to 
admit tlie subsoil water into the sewer, in order that ' 
the soil may he effectually drained by having its 
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surplus water pumped out of it. In such situations 
there is no fear of the subsoil water becoming polluted 
from the sewers, as there would always be a constant 
flow into the sewers, and not from the sewers out- 
wards. 
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The work of house drainage is the crowning point of 
a system of sewers. Upon the care and skill bestowed 
in carrying out this portion of the sanitary require- 
ments of a district in a great measure will depend the 
ultimate success of the works in a sanitary point of 
view. It cannot be overlooked that imperfect sanitary 
works in connection with the houses in which we reside 
will result in the malarious influence of the sewers and 
drains being brought to bear directly upon their occu- 
pants. As a rule the works of house drainage are 
carelessly and thoughtlessly carried out, and often in- 
flict untold injury on the luckless occupants of the 
house in which they are executed. It should be said 
that the train of evils, which often follows the improper 
execution of house-drainage works, is not due, generally 
speaking, to the character of the workmanship, but to 
faults in principle in the arrangements adopted. 

We will now consider what are the requirements 
necessary to be fulfilled in carrying out house drainage, 
and how best this work can be performed. House 
drains are intended to carry away from houses all 
liquid refuse, waste surplus water, and faecal matter; 
and, wliile performing this duty, they should be so 
designed and constructed as to prevent the entrance of 
sewer gas into the house. The rate of flow through 
house drains is liable to considerable fluctuation, and 
the temperature varies greatly ; and these two causes, 
as already pointed out, of necessity require that ample 
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ventilation for the drains shall be provided, and the 
reasons for, and the way in which this work should 
be performed have already been fully considered 
under the head of ventilation of house drains, page 
266. It has also been pointed out at page 50 that 
small drains, such as 4 in., 6 in., and 9 in., the sizes Sireofhoiwe 
generally used for connecting houses with the sewers, 
should not have a less rate of velocity of flow through Velocity of 
them than 3 feet per second, in order to render them 
self-cleansing. This would give, by reference to Table 
No. 7, page 56, the least inclination for a 4-in. drain, indination and 
1 in 92; for a 6-in., 1 in 137; and for 9-in., 1 in houae^ns. 
206; but in order to produce this velocity in drains 
of this calibre, they would require to run half full, 
so that a 4-in. drain would require to be provided 
with water at the rate of 7 * 85 cube feet per minute ; 
a 6-in. drain with 17 * 66 cube feet per minute ; and a 
9-in. drain with 39*76 cube feet per minute. Now it 
will be seen from these figures that there are but few 
cases in which the requisite volume of water could be 
provided for keeping the house drains properly cleansed 
if laid so flat as the above rate of inclination, therefore. Greater fail 
in order still to make the house drains self-cleansing, San tWeU- 
they must, as a general rule, have a greater rate of caiij requiaite. 
inclination than that absolutely requisite to render 
them self-cleansing when provided with a sufficient 
body of water. In cases where a greater faU than given 
above cannot be secured, all house drains should be pro- 
vided with special means of being flushed. The means 
usually provided for flushing house drains consist of a Flashing of 
tank similar to the manhole. Fig. 54, page 185, which ^^^ '""*' 
may be filled up with water; or, in other cases, the 
ordinary sewage may be made to act as shown in Fig. 
55, page 187. The mode of forming the junction be- 
tween the sewers and drains, and between drains and 
their branches, has already been considered at page 
174, and it is therefore unnecessary here to further j^ j^ ^^ 
allude to this part of the subject. All house drains house drains. 



818 



HOUSE DRAINAGE. 



LAid outside 
hoase. 



JoiDting the 
pipes. 



Effect of settle- 
ment in drains. 



Selection of 
materials. 



Lead pipes. 



should be laid in vu^in soil; if constructed in made 
ground, a good foundation should be secured by laying 
the sewer in a broad base of concrete. Great care 
must also be exercised in the course taken by house 
drains. They should, as far as possible, be laid outside 
the house, and not under it ; but if the carrying of a 
drain under a house is unavoidable, every precaution 
must be taken in the laying and jointing, so as to pre- 
vent the escape either of sewage, or sewer gas, from the 
drains. It must not be forgotten that when a house is 
built and the site drained, that the soil dries and be- 
comes porous; at the same time, if clay is used in 
the jointing of the pipes (which is commonly the case), 
it is liable to dry and shrink. Mr. W. BL Wheeler, 
M.I.C.E., states that " a roll of wet clay 1 foot in length " 
was " found to shrink in length about i an inch *' in 
drying. In cases where the passage of drains under 
houses is unavoidable, they should be jointed with 
gaskin and cement or asphalte, or they should be 
embedded in Portland cement concrete of extra fine 
quality. 

In considering the proper position of house drains, it 
is well to call attention to a frequent cause of failure of 
drains in connection with new buildings, and that is, if 
a drain is passed through the external walls of the 
building, and the building subsides or settles down, the 
drain invariably is injured either by being broken off, 
or the joints of the sewer pipe open, so as to lead to the 
ready escape of sewer gas into the building. The re- 
medy for this is to leave ample space at the points 
where walls are pierced, so that they may settle with- 
out injuring the drain. The materials used in the 
construction of house drains, and the interior fittinjrs of 
a house, require careful selection, and constant inspec- 
tion to ascertain that the works are sound. House 
drains are usually constructed of glazed stoneware 
socket pipes. The soil-pipes for water-closets, the pipes 
for baths, lavatories, and sinks, are constructed of iron, 
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lead, and zinc. Lead is one of the best materials that 
can be used for soil-pipes; but the pipes should be 
drawn or cast, and not soldered together, as is often 
the case, for with soldered pipes the two metals have 
unequal rates of contraction and expansion, and often 
rend at the seams. Moreover, a galvanic action is often 
set up, which is destructive to the pipe. Lead is inju- 
riously acted upon by sewer gas and lime, and not un- 
frequently a pipe gets honeycombed by the action of 
lime falling into the pipes when they are first placed in 
position, which lodges in a bend, and contact with water 
and feecal matter soon perforates the pipe. In some 
cases faecal matter will injuriously affect ordinary com- 
mercial lead. On account of its composite character, 
galvanic action is set up which rapidly destroys the 
pipe ; care therefore should be taken in the selection of 
lead pipes, that they are made of pure lead, and not of 
composition. Iron pipes are used in some cases as soil- iron pipes, 
pipes, but they are not so good as lead,*a8 the interior of 
the pipe is liable te become coated from oxidation, and 
faecal matter adheres te the rough surface. Zinc ought Zioc pipes, 
not under any circumstances to be used for conveying 
faecal matter, as it is rapidly destroyed under its che- 
mical influence. Earthenware pipes may be used for 
the soil-pipes, and may be built into the wall, as already Earthenware 
pointed out at page 272. In house drainage the sinks ^^^ 
in the scullery and elsewhere are often the cause of 
much mischief, the traps provided for excluding sewer Dnunage of 
gas having such a small amount of seal that in practice *''*■• 
they prove inoperative. Moreover, there are so many 
contingencies which injuriously affect traps, and which 
have already been referred to at page 278, that it has 
been found necessary to cut off all direct communication 
between the sink and the house drain. The best and 
most effectual way of performing this operation is shown 
in Fig. 106, where S represents the sink; T the trap, Description of 
which is merely used to prevent currents of air entering '^' 
the house; P the pipe for conveying the waste water 
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from tiie aink through the external wait and diacbarg- 
isg it on the surface of the goUey G ; V is the venti- 
lating pipe for the gully, which may be carried to aaj 




convenieut point; and D is the pipe leading to the 
drain. When tliie plan cannot well be adopted, on 
account of the nnaightliness of the open grating, the 
gully may be sunk in a shaft coYored with a grating 
for protection, and still the pipe may be made to 
discharge upon it, or in some cases the pipe may 
be connected with a Mansergh's trap, as shown in 
Fig. 107. 

Mansergh's trap bos already been described at page 
292, and an illustration is given in Plate XIV., Fig. 14. 
This arrangement is not so good as the former; for if 
the pipe P is of great length, it is apt to become 
coated with grease and other matters ; the air coming 
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in ooBtact with these matters would be fonled, and ag 
every discharge through the pipe must displace a por- 




tion of this foul air, it wonld ordmanjy escape into the 
house unless the trap T has a greater amount of seal 
than the trap T* In Fig 108 is represented another DMcripUonirf' 
mode of dealing with a sink This is an illustratiou of ^' "'^' 
the mode adopted by the author in yentilating the 
drains of the sinks in Blenheim Palace. In this case BlMbom 
all the drains were constructed in the interior of the 
palace, and the ground outside is at a considerable 
elevation above the sinks; a ventilator pipe V has 
therefore been taken from the trap under the sink, aad 
carried some distance outside the palace, where it is 
made to terminate under a charcoal ventilator of the 
description shown in Fig. 82, page 259, It is only ne- 
cessary to add that the gullies in areas or yards near 
honaes should all be ventilated either by pipes or by 
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oUier special modes poiated out under the head of jett- 
tiUtion of sewers and drains. The general arrangement 




of the drains and venlikting pipes of a house are shown 
in Plate XI. The mode of dealing with the drain- 
age and of ventilating the water-closets is shown in 
Fig. 109. 

It consists simply in carrying up the soil-pipe to the 
roof or some other convenient point, care being taken 
that no windows, house ventilators, or the flue of a 
chimney shall be near the point of termination, as at 
times there arfe in-currents into the house at these 
points. If it is necessary to carry the soil-pipe up to 
the ridge, the pipes for tliis purpose may either be 
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carried inside or outside the roof; but in all cases it is 
better and safer to place both the soil-pipe and all other 

pipes in connection with Pipes better 
Fin. 109. the drains outside the ^^"^^^•of^'O"'^- 

f house, protecting them 

with proper casings and 
packings from frost. The 
same provisions should 
be made for the ventila- 
tion of urinals as for Urinals, 
water-closets. The gene- 
ral details of the con^ 
struction of water-closets 
and urinals will be here- 
after considered. The Overflow for 
a /> • X ciftem* 

overflows from cisterns 
communicating directly 
with drains are the fre- 
quent cause of much 
mischief, and, moreover, 
often lead to the wetste 
^^ of much water. It is 
quite clear that if the 
water-fittings of a cis- 
tern are in perfect work- 
ing order, no water can overflow by the overflow-pipe, 
which is usually provided and sealed with a water-trap. 
Now, as the water in the trap is seldom renewed, except 
by the overflow from the cistern, the trap soon gets 
dry, and leaves the pipe in direct communication with 
the drain ; and the gaseous impurities being absorbed 
very readily by the water, it is not unfrequently con- 
taminated and rendered deleterious to the health of the 
persons using it. The overflows and waste-pipes of all 
cisterns should either be treated like a sink, as shown 
in Fig. 110, in which P is the wash-out and overflow- Description of 
pipe of a cistern brought down the external wall and ^^' ^^^' 
made to discharge on the top .of an open gully G. This 
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pipe may be trapped at the top O with an AntiU'B t«p, 
described at page 291, and illostrated in Plate XIV, 




Fig. 5, or it may have an ordmary Biphon trap at B. 
These traps are merely mtended to prevent currents of 
air entering the bouse by the overflow-pipe. In some 
cases the OTerflon from the cistern may be treated as 

DHciipiionof shown in Fig, 111. The overflow-pipe in this case is 

^' simply carried through the external wall of the house. 

As the overflows from cisterns are not liable to be 

fonled' from the discharge which passes through them, 

they may be conveniently trapped at the bottom with 

M.n«rgh's Imp fifansergh's trap, Plate XIV., Fig. 14. The pipes for 

UKd for trap- , ° f . . i , 

pingoTfrfowof laVBtones may lie treated in a manner analogous to the 
"' "™' • Fide pdgo 320. 
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method pointed out for sinks ; or in some cases, when i-»"Uirie«. 
located in the upper floor of a hoose, the discharge- 
pipe may be carried through the outside nail of the 
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house, and th-_rL- !_■_■ iu!id-j to discharge into the open 
head of a pipe, discharging upon a trapped gully at the 
ground level. The waste water from baths should also Bath>- 
be conveyed like that from siuks and lavatories, already 
described. The safes or pans provided in connectiou Sifw. 
with closets" and baths are often a source of danger, for 
unless the drains from them are constantly provided 
with water they become untrapped. The best plan of 
dealing with the uncertain quantity of water that finds 
its way into these safes is to treat the pipes draining 
them the same as the pipes from a lavatory, and carry- 
ing it directly outside the house. In some cases the 
safes of baths may be efiTectually kept drained by the 
drain provided for taking away the waste water; for if 
the top of thb pipe terminates below the level of the 
safe, and is kept open, the waste water from the bath 
being conveyed into it by a distinct pipe, it will thus 
serve the double purpose of draining both the bath and 
its safe, and the volume of water contributed by the 
• The trap of the taSe of & water-closet tbonld besapplied with water 
bf a .nwll pipe commiuiicatiDg wjtli tlio supply pipe to the cloast, so 
that, ever; timo the doaot ia used a Dmnll qnanlity of watur woald pau 
ipto the trap. 
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bath will keep the trap supplied. Rain-water pipes «re 
best not connected directly with the drains, bat cat off^ 
as shown in the case of the cistern oyerflow. Fig. 110. 
On no account ought rain-water pipes to be used 9A 
veutilating pipes of the house drains, for reasons already 
stated at page 230. It is only necessary to add that the 
drainage of cellars and low-lying places, the lerel of 
which is but slightly above the level of the drains, and 
which in time of storm are liable to be inundated, that 
the trap for draining them ought to be provided with 
a valve similar to that described at page 288, and illos- 
tratcd in Plate XIII., Fig. 22. In many cases it will 
bo found that if the house drain is brought up to the 
external wall of the house, it will effectually drain 
the subsoil, and no opening need be made communi- 
cating directly between the drains and the lower floors. 
In this case the head of the drain should be closed 
against the escape of sewage in time of flood, or other- 
wise, where waste water will drain away, sewage may, 
by back pressure, enter, and the consequence may 
be that the whole of the subsoil under the house may 
l)e permeated with sewage matter, to the great detri- 
ment of t lie health of its inhabitants. 



WATER-CLOSETS. 



-•o^ 



Water-closet, 
ancient device. 



Ewbanit's 
' Hydi-aulics.' 

Ancient 
water-clohetj:. 



The water-closet is a very ancient device for receiv- 
ing and carrying away in water faecal matter. Its use 
has been traced to all nations that had arrived at a 
certain degree of refinement. In Ewbank's * Hydraulics * 
it i8 stated that water-closets " are an ancient and pro- 
bably Asiatic device." The summer chamber of Eglon, 
King of Moab (Judges iii. 20-25) is supposed to have 
been one. They were introduced into Kome during the 
Republic, and are noticed by several ancient waiters. 
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Those constructed in the Palace of the CsBsars were 
adorned with marbles, arabesque, and mosaics. At the 
back of one still extant there is a cistern, the water of 
which is distributed by cocks to different seats. The 
pipe and basin of another have been discovered near 
the theatre at Pompeii, where it still remains. He- 
liogabalus concealed himself in one, whence he was 
dragged by his soldiers and slain. Water-closets seem 
to have been always used in the East, and for reasons 
which Ta vernier and other Oriental travellers 'have 
assigned. Numbers are erected near the mosques and 
temples. A similar custom prevailed in old Borne, 
Constantinople, Smyrna, and probably all ancient cities. 
In the city of Fez, " round about the mosques, are 150 
common houses of ease, each furnished with a cock and 
marble cistern, which scoureth and keepeth all neat 
and clean, as if these places were intended for some 
sweeter employment" (Ogilby's * Africa,' 1670, p. 88.) 
In his 'Relation of the Seraglio,' Taveruier describes 
a gallery in which were several water-closets. " Every 
seat (he observes) has a little cock." He mentions 
others in which the openings were covered by a plate, 
which by means of a spring " turned one way or the 
other at the falling of the least weight upon it.'* Sir 
John Harrington is said to have introduced water-closets Introduction of 
into England in Elizabeth's reign, and some writers ^to*E^*u^. 
have erroneously ascribed their invention to him. 
I'hey are described in the great French work on Art 
and Manufactures by M. Eoubo, who says, they were 
long used in France before being known in England. 
Those which he has figured are, however, on the ancient 
plan, without traps, and such are still to be found in 
Oriental cities." In the buried cities of Herculaneum 
and Pompeii an apparatus very similar to the modem 
water-closet has been discovered. Although water- 
closets in some shape or other have been in use in this 
country about three hundred years, it was not until the 
latter end of the last century that they became gene- 
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Kint patent rally introdoced. The first recorded patent iu con- 
nection with water*clo8et8 in this country was taken out 
by Alexander Ciunming, 11th November, 1775. This 
was followed by another patent in 1777, taken out b? 

^^T^'* ^'**''''" Samuel Prosser, and the foUowing year Joseph Branudi 

secured a patent for a yalve^oset, which has been yery 
extensively used throughout the country, and is still in 
much request. Since that period several hundred 
patents have been taken out for water-closets, or 
matters in direct connection with them. The descrip- 
tions of water-closets now in use are very numerous; 

Wftter-ciwu of ]jyj^i qH closcts rcsolvo thcmselves into two classy 

two rlBMfl. 

water-closets with valves and traps, and water-closets 
itequ^menuof ^{i}^ simple traps. The requirements of a good water- 
closet are, tliat it shall be inodorous, shall work effici- 
ently with a minimum quantity of water, and shall be 
simple in construction and not liable to get out of order. 
Many defijctiTc There cau be no doubt that many wateivclosets which 

clowts in use. _ _ 

are now in general use are extremely defective in the 

principle of construction, and when introduced into a 

house, instead of being a comfort and luxury, are a 

positive nuisance, and often endanger the health of its 

inmates. Most of the complaints wliich have been 

raised against the water-carriage system have been 

directed almost solely against tlie water-closet, as being 

the source of nuisance when introduced within a house. 

These complaints have in many instances been well 

founded, as there cannot be a shadow of doubt as to the 

nuisance caused by many descriptions of closets; but 

the remedy is not to abandon the water-carriage system, 

but to correct the defects in the form of closet which 

Water-closet the have £ri\en TiBQ to thcsc complaiuts. A ffood water- 
best sanitary . . 

appliance. closct is the Only appliance fit to be used within a 

house, for by it all matters are at once conveyed away 
and cease to have the jwwer of producing evil so far as 
our houses are concerned ; it is not so, however, with 
those systems that conserve fa>cal deposits within or in 
close proximity to our dwellin^j^s, as there is always 
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^danger in storing a dangerous article, howeyer carefully 
P we may tend and guard against its eyil effects. 

By far the greatest number of water-closets in opera- 
tion in the best houses of this country are expensive and 
cumbrous appliances, and cannot be introduced within 
a house without creating a nuisance. They are gene- Defects of pan- 
rally known as pan-closets, and a section of one is 
delmeated in Plate XIX., Fig. 1. It consists of foor 
distinct parts : 1st, the basin B, which is usually made 
of earthenware ; 2nd, the pan P, which in the drawing 
is shown to be removed from its place at the bottom of 
the basin by the partial raising of the handle H ; 3rd, 
the receiver R^ in which the pan works; and 4tb, T, 
the ordinary D trap. When ready for use, the pan P 
retains water, so that as the bottom of the basin B dips 
into it a trap is formed, and the faecal matter is deposited 
in the water retained in this pan. When the handle H 
is raised to the full extent, the feecal matter and water 
are thrown from the pan on to the sides of the receiver, 
from thence they fall down, or are washed down by the 
water flowing through the opening at the bottom of the 
basin into the trap T, and thence to the drain. The 
effect of this action of the closet is that the receiver E N«J«Dccofp«i 
gets completely coated with faecal matter, so much so 
that it is the practice in many establishments to have 
the closets removed once a year and have the deposit 
burnt out ; but this cannot remedy, but only paUiate, 
the nuisance, as the continual plastering of the interior 
walls of the receiver with fecal matter in the presence 
of moisture causes decomposition to take place, and 
noisome gases are generated, which accumulate in the 
receiver between the two traps; and every fresh dis- 
charge from the closet displaces an amount of this foul 
vapour, which passes at once through the open basin 
into the apartment^ and thence into the house, and no 
amount of ventilation of the receiver will remedy this i>efect of vaWc- 
defect, which is inherent in this particular form of closet ^^^^' 
and in a less degree in some other forms of closet con- 
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stnicted on this principle. The valve-closet (Plate 
XIX., Fig. 6) invented by Bramah is somewhat less 
objectionable than the pan-closet already described, for 
instead of having a receiver provided large enough for 
the large pan to work, this chamber in the valve-closet 
is reduced in size in order to admit only the working of 
a small valve ; but this form of closet still retains the 
objectionable feature already pointed out, of an evapora- 
tive area coated with fsecal matter, and a space to collect 
the gases evolved by decomposition, and its direct 
passage into the apartment every time the Water-doeet 
is used. Owing to the nuisance arising from these par- 
ticular forms of closet, it has been proposed to construct 
all water-closets in a separate building from the house, 
communicating by passages so arranged with doors, and 
provided with ventilation, as to prevent any escape of 
noisome vapour entering the house. In other cases 
double doors are used in connection with the entrance 
to the apartment in which the water-closet is placed, 
but such measures are only palliative; the true remedy 
is the introduction of a form of water-closet free from 
the defects pointed out. It will be found in practice 
that some of the simplest and cheapest water-closets are 
the best ; in fact all those closets consisting of a simple 
basin and trap, usually called the Hopper closet, if pro- 
vided with ample water for flushing, the closet can be 
used without causing any nuisance, as there is no 
space for noisome gas to accumulate and no exposed 
area plastered with fiecal deposit to generate foul gas ; 
and if the closet is provided with ample ventilation* in 
the way already pointed out, or by carrying up the soil- 
pipe to some convenient point, no gases can pass back 
through the trap to cause any mischief. It should be 
here stated that many of the Hopper closets in use, 
owing to defects in the construction of the trap and 
from the inadequacy of the flush of water, do not clear 
themselves at every discharge of the closet ; the con- 

* Fi(ie page 322. 
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sequence is that faecal matter is left in the trap, and its 
exposure often gives off a bad odour. Those who require 
a still more perfect closet than the simple basin and 
trap will find Mr. George Jennings' closet (Plato XIX., Jennings' cio^t. 
Figs. 14 and 14a) a perfect sanitary appliance. It con- 
sists of a basin and trap made in one piece of earthen- 
ware, but instead of the small quantity of water usually 
occupying the trap of a Hopper closet, in this case a 
hollow plug P is used to dam up the water in the basin. 
The consequence is that the faecal matter is at once Advantages of 
dropped into a large volume of water, and to a certain JJ^er^** **™* ^ 
extent it is immediately deodorized, as those peculiar 
organic odours given off by fresh faecal matter are pre- 
vented from escaping, and when the handle H which 
lifts the plug is raised, everything in the basin is sud- 
denly discharged into the trap below, and so into the 
drain. The hollow plug also serves as an overflow if the 
basin fills too high. It may be here observed that the Ventiuuon of 
apartment of every water-closet ought to have external apartment, 
openings to the air. Air openings should invariably be 
formed near the ceiling for the discharge of foul air, 
and fresh air may be admitted at the floor-level. 

The arrangement for the supply of water to the Supply of water 
water-closets of a house is one of extreme importance 
in a sanitary point of view ; but how often do we find 
that the water supply of a district is intermittent, and 
that a single cistern only is provided for storing the 
water for all domestic and dietetic purposes, and for 
the supply of the water-closets and urinals. Fre- Cistern ammge- 
quently the apparatus for actuating the delivery of defective, 
water to the water-closet is fixed in the only cistern, 
from which a pipe is carried to the closet, and wires 
are carried from the closet to the cistern for actuating 
the valves, as, for example, in Plate XIX., Figs. 1a 
6, and 17. The effect of this arrangement is that the 
pipe C, which conveys the water to the closet when 
empty, is supplied with air of very impure quality, or 
that which is drawn from the basin of the water-closet, 
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and this air at the next discharge is carried up to tbe 
cistern, from which water for culinary and other purposes 
is drawn. When it is generally known how prone water 
is to attract impurities^ such a state of things will not 
be tolerated ; for the least that can be said of the aeration 
of the water of the cistern from such a source is, that 
water so treated cannot, like Csesar's wife, be beyond 
suspicion. In a sanitary point of yiew, the placing of 
the yalves for regulating the supply of water dose to 
the basin of the closet is a great improyement on the 
older plan already referred to. Such an arrangement 
of yalye is shown in Plate XTX., Figs. 2, 4, and 16 ; 
but with this arrangement, unfortunately, there is no 
control over waste, which is often a serious matter with 
water proprietors ; for if the handle of the closet fitted 
with this arrangement is propped up, a continuous flow 
of water would pass through the closet into the sewers. 
This arrangement of yalyes is, howeyer, not a good 
sanitary arrangement, for, in cases where water is laid 
direct from the water-mains to the closet, unless pro- 
yision is made in eyery house service to prevent the 
back flow through the service pipes, should the yalve 
of the closet be opened during a period when the water 
is being shut off the district, a flow of air would enter 
by the vulve, and in consequence the water-mains would 
become filled with air of. an objectionable character.* 
To guard against the evils of the valve arrangement, 
and to prevent the waste of water, a great number of 
very ingenious devices have been introduced. The 
simplest arrangement for the prevention of waste, and 
as a good sanitary device to prevent the fouling of the 
general water supply of a house or district, consists in 
mtroducing a separate cistern for each water-closet. 
It may be fixed on brackets over the seat, and should 
derive its water supply from a store cistern, as shown 
in Plate XL, from which drawing the relative posi- 

* This eonition of the water of towns in which there is an iDtermittent 
hiipply is constantly going on. Ucncc the necessity for a coDBfant 
supply. 
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tion of these cisterns with the store cistern will at once 
be seen. In Plate XIX., Figs. 19, 20, and 21, the 
form of cistern now commonly adopted for the supply 
of water to water-closets is shown. The creat point Water-waste 

, cisterns. 

with regard to these cisterns is that the outlet-pipe to 
the closet should be of good size, say not less than 
1^ inch diameter, in order to supply water quickly to Adranugesof 
the closet ; for it is found by experience that a small 
volume of water flowing quickly and at once through a 
water-closet is more eflectiye than ten times the same 
quantity supplied in mere dribblets. Water is usually Dutnbntion of 
distributed in the pan either by a flushing rim formed ^* *^* 
round the upper edge of the basin, or by a fan fixed 
against the back of the basin. In some of the com- 
moner closets simple apertures are made through which 
the water is discharged into the pan. The form of Form of basin, 
basin should be so arranged as to have a receding back, 
so as to present no exposed area for the reception of 
faecal matter ; and the water supply should be directed 
not so much to wash the sides of the basin as to wash 
away through the trap all faecal matter deposited in it. 
The quantity of water required for efiectually flushing Quantity of 
a closet varies much with the description of closet and ^**' "*^"* * 
other circumstances. As a rule, one gallon of water may 
be considered an ample supply for each flush of a good 
closet. The position of a water-closet ought to be so P"**>on ^ 
arranged as to guard against the injurious action of 
frost. The pipe for conveying water should be placed 
in the interior wall, and every provision should be 
made for protecting it by suitable non-conducting Prot«t»onfrom 
clothing; and in some exposed cases, where the pre- 
vention of freezing cannot be obviated, a proper valve 
arrangement should be supplied by which the pipes 
may be emptied of water in time of frost. A very good 
water-waste preventive cistern, not liable to derange- 
ment in frost, as there are no valves to freeze, is made 
by Mr. Hall, of Leeds. It consists simply of a tilting Hall's water- 
bucket actuated by the handle of the closet. Special ^** 
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care needs to be taken with outside closets to preTcnt 
both the traps and the supply pipes from freezing. In 
many cases where the sewers of a district are laid suf- 
ficiently deep, the whole closet may be formed with 
adyantage below the ground-line; for if placed suffi- 
ciently deep and approached by a flight of steps and 
secured with a good door, no fear need be entertained 
of the effects of frost A little conmion salt placed in 
the trap will prevent its freezing, and at the same 
time the salt constitutes an excellent deodorizer. 
In some cases it is the fashion to deodorize water- 
closets with special apparatus, such as that of Dr. 3L 
A. Gardiner Brown, and supplied by the Chloralum 
Company, which consists of a vessel containing liquid 
disinfectants, communicating by means of a small pipe 
with the supply pipe to the closet, so arranged that a 
|X)rtion of the disinfectant fluid flows out each time the 
closet is used* As a general rule, the disinfection of 
water-closets is not required, imless in periods of epi- 
demic or illness within a house, or in the case of a 
hospital, when steps ought, as a matter of duty to com- 
mon humanity, to be taken so that the faecal matter 
and other discharges from patients are properly disin- 
fected before being passed into the sewers of a town. 
In some districts it is not considered necessary to lay 
on water to the outside closets, the pouring down of the 
ordinary liquid refuse into the basin of the closet being 
found sufficient for all purposes of keeping them clear. 
In these closets no difficulty can arise from the effects 
of frost, as there is always sufficient warm water used 
for domestic purposes to keep the closet from being 
frozen or to unfreeze it should it get frozen. 

The materials used in the construction of water-closets 
are enamelled iron, earthenware, china, and glass. The 
basin and traps should all be thoroughly well glazed. 
Enamelled iron will not wear Uke earthenware, as the 
enamel is apt to get chipped and cracked, when the 

* Baker's apparatus for the disinfection of water-closets effects the 
same object, ana is sold by " The Patented Disinfector Company.** 
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water gets in contact with the iron oxidation takes 

place, which soon completes the destruction of the 

closet. With the common Hopper closet it is usual to Size of opening 

limit the size of the openings at the bottom of the *"*** ""*'* 

basin to about 2^ in. diameter in order to prevent the 

entrance of matters into the drains they are not intended 

to convey. Water-closets inside houses should, when Pip^kept 

convenient, have the soil-pipe kept outside the house. ®****'*^* houses. 

Various modes have been adopted for actuating the Self-acting 

working parts of a closet so as to render them self- ®**^^* 

acting. Without requiring any particular action on 

the part of the person using the appliance, a very 

common mode is to attach the working parts to the 

seat, which is hinged, as shown in Plate XIX., Fig. 17. 

In other cases a portion of the floor may be hinged. 

In either case the weight of the person using the closet 

is made the motive power for actuating the valves which 

regulate the supply of water. In other cases the door 

of the apartment in opening or closing is made to 

perform the necessary operation. In some water-closets Water-cloeeta 

the valve arrangements are entirely out of the control ^ntroi of per- 

of the person using the closet; as, for example, in w^ using 

latrines and trough closets, which are in use in some 

districts, and are emptied once a day by a scavenger 

opening the valve, which is under his control. Latrines 

and trough closets are very generally used in many 

public establishments, such as schools, workhouses, 

manufactories, barracks, &c. Illustrations of closets of 

this description are shown in Plate XIX., Figs. 23, 24, 

and 25. Trough closets are fitted with an overflow and Trough closets. 

plug for discharge. The bottom of the trough or pipe 

inclines to the end at which the discharge plug is 

placed. They may be filled with water by a regulator 

ball-valve fixed in a division of the trough, or by a 

valve actuated by the handle of the discharge apparatus, 

or from a stand pipe or tap, but can only discharge 

their contents by the raising of the plug, which is 

usuaUy locked up and kept under proper control A 

very good arrangement and improvement on the trough 
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cloaet is that shown in Hate XIX^ Figr. 25. It u the 
representatioD of a range of closets or latrinu u 
designed and execoted bj Mr. Geixgo Jenoings. I> 
cases in which tfaete are no hoosemaids* sinks for oos- 
veniently discharging slops it is often the practioe to 
make use of the water-closet as a receptacle for them, 
and in some cases already noticed, when water is nol 
laid on to the closet, the slops are inTariably poored 
down them. A watetHJoset within the house onder 
these circutnetances should be fitted with a safe* to calch 
DOTcaUe (Mt. any slops that may be spilled, and the seat of the closet 
intended for the reception of slop should be hinged m 
as to turn up oat of the way when slops are dischaiged, 
as shown in Fig. 112. 

PlG.112. 
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In Plate XIX, is shown n variety of forms of 
water-closets which have been adopted at various times. 

FigH. 1 nnd I a represent the section and elevation of 
the ordinuiy pan-closet. This closet has already been 
fully deficribfd, tind is not recommended for use. It veas 
originally inlruduced to supersede the valve closet 
invented by Uramah. 
, Fi^. 2 is a pan-closet similar to the last, but the 
water supply is regulated by a valve near the closet, 
and this valve is kept from closing too quickly by an 
arrangement attached to the lever called Underhay's 
belIo\v.«, 

• VitU pegi' 32.1. 
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Fig. 3 is an enlarged view of Underhay'e bellows. Underhay'* 
It consists simply of a cylinder with piston. Air can "^ '• 
enter the cylinder quickly when the handle of the 
water-closet is raised, but it can only escape except by a 
small opening, so that the lever with its weight will 
descend slowly, and consequently the valve can close 
without any shock, and water flows sufiBciently long 
after the pan is closed for it to be filled up with water. 

Fig. 4 represents a pan-closet with valve arrange- Eskholme'i 
ment. The valve in this case is kept from closing '*8«i»to»"- 
quickly by means of Eskholme's pneumatic regulator. 

Fig. 5 is a representation of a pan-closet of another Pan-doset. 
kind, the receiver in this case being rather smaller 
than in the former. 

Fig. 6 is an illustration of Bramah's valve-closet in Valve-dowt. 
its modem form. It differs from the pan-closet in the 
size of the receiver, which is smaller, and presenting 
a diminished area of evaporative surface. These closets 
constantly get out of order, and do not hold water, as 
a piece of paper or other material easily prevents the 
valve closing, and consequently the basin loses its 
water. 

Fig. 7 is a common conical closet or simple Hopper Conical Hopper 
closet with siphon trap, the trap and basin being formed ^'^' 
of one piece of earthenware. This form of closet had 
its origin, no doubt, from the fact that water-closets of 
this description were ordinarily constructed of the cast- 
off moulds used in sugar manufiEu^tories. 

Fig. 8 represents another form of closet. The basin Conical cioaet 
and trap are constructed separately. It is a form that *° ^' 
was at one period extensively used. An improvement 
on this form of closet was made by Mr. Phillips, which 
consisted in making the back of the closet straight, so 
as not to be so likely to collect fsecal deposit 

Fig. 9 represents an earthenware closet in one piece. Hopper cioeet 
This is a good form if the receding back as well as the ' ^^ *****' 
front and sides are provided with a flushing rim. It 
was originally introduced by Mr. Geo. Jennings, 
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Fig. 10 represents a conical dose! invented by Mr. 
John Roe. In this form of closet the flushing rim is 
carried all round the basin, so that a good flush may 
be insured. Y is a pipe inserted for the purpose of 
yentilation. The conical shape of the basin of this 
closet renders it very liable to collect faecal deposit, 
when it cannot be efficiently washed and flushed except 
by the expenditure of a large quantity of water. This 
invention affords the first practical example of the 
proper way of ventilating the drains of a closet. 

Fig. 11 represents a conical closet with flushing rim. 
It is also supplied with a pipe B for effectually flushing 
out the siphon trap at the bottom of the basin. This 
form of closet with bye flushing pipe was introduced to 
remedy the defect which, as already referred to,* attends 
the Hopper closet, that is, the cleansing of the trap 
after the use of the closet In practice it is found that 
in closets with basins of this description, so shaped that 
the back part projects, faecal matter will soil the walls 
of the basin, but if the back is made to recede, as in 
the closet Plate XIX., Fig. 9, the faecal matter will 
not strike the basin, and if accidentally does touch it is 
readily washed off by the flush of water. 

Fig. 12 is an illustration of Patten's basin. It consists 
of an ordinary Hopper and trap, with the addition of a 
screen S, the object of which is to hide from view the 
matter deposited in the trap. The author's experience 
in respect to this form of closet is that fresh faecal 
matter is often deposited on the screen, and not being 
covered with water, unpleasant effluvium is given off 
while the closet is being used, or until the matter is 
washed away or covered with water. 

Fig. 13 is a section of a water-closet of Grerman 
pattern. It consists of a tilting basin, which forms a 
sort of movable basin within an ordinary water-closet, 
an arrangement very similar to the tilting basin now 
commonly used in lavatories. The movable basin B is 
attached to the front part of the seat, which is hinged 

• FfVfe page 330. 



WATER-CLOSETS. * 339 

at H. To empty the basin the front of the seat at A 
must be raised, when the basin tilts and discharges into 
the trap below ; at the same time water is admitted by 
a valve arrangement through the pipe W for washing 
out the basin and trap. 

Figs. 14 and 14a represent two sections of Messrs. Jenniogs and 
Jennings and Lovegrove's water-closet. It is without ciol^ * 
doubt the most perfect closet introduced up to the 
present time. It is manufactured- in one piece of 
earthenware, and may be fitted to any water-waste 
preventive or sanitary cistern. It consists of a basin 
and trap below. P in Fig. 14 is a hollow plug, which 
dams up the water in the basin, forming, when the 
basin is full, a second trap T'. The handle H is raised 
as in Fig. 14a ; the hollow plug rises with it, and the 
contents of the basin are rapidly discharged into the 
drains. Ventilation is provided for these closets by a 
pipe screwed into a hole drilled into the body of the 
closet behind the lower trap. 

Fig. 15 is the representation of a water-closet as improTed 
designed by the author. It is an improvement on the 
ordinary Hopper closet. The object of this closet is to 
get a larg^ body of water in the basin 6, in order 
that the feecal discharge may at once be completely 
deodorized. The lifting of the hollow plug H causes 
the water-line to fall to the level of the water in the 
common Hopper closet ; at the same time the volume 
of water accumulated in the basin, and the subsequent 
flush, causes everything to be carried away through the 
trap T ; and if the closet is not clean it will be at once 
seen, whereas in all closets in which the traps are 
hidden from view it can never be known for certain if 
the faecal matter has been discharged or remains in 
the trap to give off noisome vapours. The ventilation 
of the drain of this closet is effected by a pipe inserted 
at y, and by an arrangement of levers at L it may be 
fitted with water-waste preventive or any valve arrange- 
ment for the supply of water. 

z 2 



340 



WATER-CLOSBTS. 



Water-fittingt 
of Hopper 
closet 



Patten's water- 
waste pre- 
veotor. 



C1ark*s water- 
waste arrange- 
ment. 



Fig. 16 shows the arrangement of connectmg an 
ordinary Hopper closet, by means of a lever-yalve, witk 
the water serrice. It should be observed that with this 
form of water-fitting no control can be exercised as to 
the amount of water that may be consumed or wasted 
through the closet ; moreover it is objectionable for the 
reasons that have already been considered. 

Fig. 17 is an illustration of Patten's water-waste 
preventer fitted in a cistern. If the cistern to which 
this apparatus is fitted is the only source of supply for 
a house, the arrangement cannot be justified ; if^ on the 
other handy the cistern is used solely for the water 
supply of closets and urinals it may not always prove 
satisfactory as a water-waste preventer. G represents 
the basin and trap ; C, the pipe communicating with 
the cistern ; B, a service box formed within the cistem ; 
A and E are valves actuated by the lever d by the wire 
or chain e, attached to the hinged seat F of the closet, 
is the overflow pipe for cistern. It also forms the 
ventilator for the service box. The action may be 
explained as follows : — The weight of a person sitting 
on the closet draws down the wire «, which raises the 
valve A, and the water fills the service box. When 
the person rises from the seat the valve A closes, and 
the valve E opens, which allows the contents of the 
service box to be discharged. It is quite clear, with 
this arrangement, that if only a suflicient weight were 
placed on the seat as only partly to lift the valve A, 
the valve E at the same time would be lifted, and a 
continuous flow of water would take place. 

Fig. 18 represents Mr. Clark's (of Reading) mode of 
fitting up a water-closet to prevent waste. In this case 
the weight of a person sitting on the seat of the closet 
is used, through an arrangement of rods and levers, 
to liberate a ball-valve e, b being the lever which 
ordinarily holds the lever of the ball-valve ; c is a small 
valve which closes the mouth of the pipe ff when the 
rod h is raised upwards. The action is as follows : — 
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When a person sits on the seat a, by a lever arrange- 
ment under the seat the rod h moves upwards and 
liberates the ball-valye e^ at the same time the valve e 
falls into its seat. Water now fills the cistern (Z, from 
which, when full, the supply is cut off by the ball-valve 
floating on the water, and so soon as the person rises 
from the seat the weight of the rods causes the valve e 
to open, at the same time fixing the ball-valve that no 
further water can enter the cistern, the contents of 
which are discharged into the basin of the water-closet. 

Fig. 19 is a representation of a small cistern appli- Single watei-- 
cable to a water-closet ; it is a water-waste preventor. ^*^tive Stenw. 
The cistern is filled by means of a valve actuated by 
the ball B, which, so soon as it is filled, cuts off the 
supply. The action is as follows: — If the lever L is 
pulled down, the lever L' rises, and in rising the weight 
W, which is slotted and passes over the arm of the 
ball-valve, first raises and then holds it The slack 
chain C is then tightened, and by the continued 
depression of the lever the valve V is raised, and the 
contents of the cistern are discharged into the water- 
closet, and no more water can enter the cistern D until 
the valve V is returned, and then the ball-valve is 
liberated. This apparatus is a sure preventive against 
waste of water. In this arrangement only one charge 
is stored in the cistern D for the supply of the closet. 

Fig. 20 represents a double water-waste preventor. Double water- 
The cistern D in this case may hold several charges for y^uve cutero. 
the water-closet, but only one charge can pass at a time 
to the closet The action is as follows : — The weight W 
at the end of the lever keeps the valve Y raised so that 
water may pass into the lower chamber of the cistern 
B. Now if the lever L is depressed it first lowers the 
valve V so as to prevent any more water entering this 
chamber B ; it then lifts the valve V and the contents 
of the lower chamber are discharged into the water- 
closet, and no more water can be passed until the lever 
L resumes the position shown in the drawings. 
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Fig. 21 represents a wateivwaste preventor cistern 
similar to the last, with the addition of the chamber B*, 
through which the water flows from the chamber B, 
the object of this arrangement being that after the 
handle of the water-closet is lowered, water will still 
pass out of the chamber B', so as to fill the pan of a 
pan-closet after the valve V is raised. 

Fig. 22 is the section of a trough-closet fitted with a 
basin B, of earthenware, and discharging into a troogh 
G, below the level of the floor of the apartment. The 
trough may be arranged so as to discharge its contents 
either into a drain or into a liquid manure cart. 

Fig. 23 is a view of a Macfarlane's trough wate^ 
closet arranged for a single individual. The closet is 
shown to be supplied with water by means of a ball- 
valve fitted in a division at one end of the trough, and 
at the other the arrangement for discharging and the 
overflow pipe are shown. The plug in this case forms 
a trapped overflow for the closet. 

Fig. 24 is a view of a range of seats on a trough- 
closety applicable for a barracks and such like placesL 
Over the seat a hood is fitted for the purpose of pre- 
venting a person standing on the seat to use it. In 
some continental towns the water-closets at the railway 
stations are all fitted with backs sloping outwards at a 
considerable angle, so as to render it impossible to use 
the closet except by a person sitting down upon the 
scat. Such measures as these are sometimes necessary 
to preserve the cleanliness of the seat in some particular 
cases ; but as a general rule they are not required, at 
least not in this country. 

Figs. 25, 25a, and 25b, represent plan, transverse 
section, and sectional elevation of the latrine manu- 
factured by Mr. George Jennings. It may consist of 
any nimiber of basins of earthenware, which are fitted 
into a cast-iron pipe which joins them altogether. A 
hollow plug P, shown in Fig. 25b, both regulates the 
height to which the water and other matter may rise, 
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and serves the purpose of discharging the contents of 

every basin. Each basin is suppUed with water, so 

that they can all be washed out. For schools and 

in some other cases the ping for discharging is out of 

the control of the persons using the closets, as it can 

only be raised by a lever. The general arrangement of J**^°* P"^ 

this latrine is preferable in a sanitary point of view to troughs. 

the trough arrangement before referred to. 



UEINALS. 

In all districts of an urban character, public urinals ^^^}J ^*°*^ 
should be constructed as a matter of convenience, and proyided. 
as a preventive of nuisance being committed in places 
out of proper sanitary controL Urinals are also re- 
quired to be constructed in houses, manufactories, and 
other places, where proper consideration and cleanliness 
is a matter of vital sanitary importance. A urinal not 
properly attended to soon becomes a frightful nuisance, 
as urine very rapidly undergoes decomposition, and Effect* of d«- 
gives off a disgusting odour; and when in this state urine, 
it has the power of rapidly turning fresh urine into 
the same state, hence the necessity of thoroughly 
cleansing and washing every part of a urinal. Urine, 
as a manure, is by far the most valuable part of town 
sewage. As compared with the solid faecal discharges, 
the value of urine is as 6 to 1, therefore every effort 
should be made to secure the urine produced in a dis- 
trict for agricultural purposes. In some manufacturing 
towns urine is regularly bought and collected in lant 
carts for use in the fulling of woollen cloths. 

A great variety of forms of urinals has been intro- ^""^^ ^ 
duced at different times, and now urinal basins are 
articles of common manufacture by all firms manufac- 
turing sanitary goods. In Plate XX. is shown a 
variety of urinals now in very general use. They 
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usually consist of simple basins fixed against a wall 
or of stalls made for a person to enter, or of a basin 
fixed within a stall, so as to screen the person using 
the urinal from obserTation. Urinal basins are usually 
made of glazed earthenware, and sometimes of common 
stoneware. Stall urinals are made of iron lined with 
slate or plate-glass, rough plate-glass, slate, and ena- 
melled slate. The water supply in most public urinals 
is constant, but in private urinals it is only supplied as 
required, either by the person opening a valve, or by a 
treadle arrangement, by which the person standing upon 
a grating actuates the discharge of the flushing water, 
or sometimes by an arrangement actuated by the door 
of the apartment in which the urinal is fixed. Water- 
waste preventive cisterns may be fitted and applied to 
urinals in a manner similar to that already referred to 
under the head of water-closets. In the distribution 
of water to a urinal, care must be taken that every 
part of the urinal is properly washed ; and it is, more- 
over, desirable that a supply of water should be intro- 
duced below the feet, an open grating being provided 
on which the person using the urinal can stand, with a 

Water required, water supply bclow the grating to wash away urine 
that may have dripped on to the floor, or, in the case 
of children using the urinal, may not have reached the 
urinal basin. The volume of water required varies 
greatly with the description of urinal. In those cases 
in which the urine is discharged into a trough, and the 
water merely used as a dilutant to assist in washing away 
the urine, the volume of water required is small ; but 
in cases in which stalls are used, and a constant supply 
is provided,* this supply is often equal to half-a-gallon 
per minute per stall. The water in basin urinals is dis- 
tributed by a flushing rim, and in stall urinals either 
from a perforated pipe or a spreader made specially for 

Width of stolis. the purpose. In stall urinals the width of the stall 



Distribution of 
water, 



* The volume of wnter ooiiBumcd by an urinal, having int^-rmittcnt 
discharge, is rqiial to about hplf-a-Kallon for each time it is used. 
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ries from 1 ft. 8 in. to 2 (t 6 in. As a general rnle, 
Is of less than 2 feet are very cramped, and lead 

a nuisance outside the urinal, as some persons will 
ot enter a narrow stall. 

Urinals are generally trapped with the ordinary Trapping and 
I siphon trap, and provision should be made for the 
ventilation of the drains communicating with a urinal, 
f especially in cases in which they are constructed inside 
houses. The best mode of ventilating urinals is to 
carry up the drain-pipe in the same way as the soil- 
pipe of a water-closet is treated. In many continental 
cities the provision of public urinals has had a fair 
share of consideration, and urinals are placed in the 
most prominent situations. The base of a lamp column Lamp-column 
is often converted into a one-person urinal, with hardly 
sufficient protection for decency sake. All public P'i^wj. 
urinals ought to be so constructed that while they are 
readily accessible they are sufficiently screened from 
public view," and on entering them privacy can be 
secured. The same observations apply to public latrines^ utrmes. 
which unfortunately, in the towns of this country, are 
rarely ever supplied. Accommodation of this class as 
a rule is only provided at the various railway stations 
or hotels, and thither the roving public has to wander 
when requiring acconmiodation of this character. 

In Plate XX. are shown various forms of urinals Description of 
adapted for public and private purposes. 

Fig. 1 represents an earthenware urinal called the Bedford unnai. 
Bedford urinal. It is fitted with flushing rim all round, 
and is intended to be fitted into the angle formed by 
the walls of a building. 

Fig. 2 is an angular earthenware urinal with flushing Angular unnai. 
arrangement at front. This form of urinal is also used 
without a supply of water, but such a mode of using ' 
urinals cannot be recommended, as a urinal without 
water speedily becomes a great nuisance. 

Fig. 3 is a urinal constructed of earthenware, pro- Cradle urinal. • 
vided with both flushing rim and fan. From its shape 
it is called the cradle urinal. 
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Flat-back 
urinal. 



Lipped urinal. 



Common 
angular urinal. 



Antill's trap. 



Cradle and 
stall. 



Stall urinal. 



Jenning's 
uriaal. 



Fig. 4 is a very similar urinal to the last, except that 
the back is flat. 

Fig. 5 is a very similar urinal to Fig. 1, differing 
only in the proportion of its parts. 

Fig. 6 is a form of urinal now very generally adopted. 
It is called the lipped urinal, that is, it is drawn out 
very narrow in front so that the projecting lip may pass 
between the legs of the person using it, and so prevent 
dripping on the floor. This form of urinal was origi- 
nally introduced by Mr. (George Jennings. 

Fig. 7 is what is termed a projecting urinal, with 
flushing rim all round. 

Fig. 8 is a common angular urinal of a form made 
in stoneware. 

Fig. 9 is an oblong urinal made either of earthenware 
or stoneware. 

Figs. 10 and 10a represent an elevation and sectional 
elevation of a urinal fitted with an Antill's trap-drain 
at A. B is a sealed opening provided for getting at 
the trap in case of stoppage. 

Fig. 11 shows the arrangement by which a cradle 
basin is fitted within the stall of a urinal, the water 
supply being actuated by the person standing on the 
grating which forms a treadle and opens the valve as 
shown. This arrangement of treadle grating may also 
be made to actuate the apparatus connected with a 
water-waste preventive cistern. 

Fig. 12 is an illustration of a simple stall urinal as 
constructed by Messrs. Macfarlane in iron. 

Fig. 13 is an illustration of a stall urinal constructed 
in iron by Messrs. Macfarlane, and is applicable for a 
street. 

Figs. 14, 14a, and 14b represent plan, section below 
the ground line, and elevation of a urinal as originally 
introduced by Mr. G. Jennings. In this case the urine 
enters a central basin, in which is discharged a constant 
supply of water, and from which both water and nrine 
pass by a trapped overflow plug. The basin can at 
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any time be emptied by drawing the plug. The 
urinal is surrounded by an open iron grating, and any 
water dropping on the grating passes away to the drains 
by the arrangement shown in Fig. 14a, These urinals 
are very largely used in the metropolis and elsewhere. 
The divisions between the stalls are made of slate, the 
rest of the structure is of iron. 

Fig. 15 is a section of a very old form of urinal, Trough unnai. 
consisting simply of a cast-iron trough which passes 
through a range of stalls. This form has been super- 
seded by the form shown in Fig. 16. 

Figs. 16 and 16a represent the elevation and section stall orinai. 
of a stall urinal, as very generally adopted at railway 
stations. The fender-piece F prevents the splashing 
which takes place in some other forms of urinal when 
used. This fender-piece should not reach the floor, 
but leave a space below for drainage, so that every part 
of the urinal may occasionally be washed down, and 
any water and urine dripping on to the floor would find 
its way to the gutter. 

Fig. 17 is a representation of a section of a urinal 
designed by the author. An open grating is provided 
for the feet, and below this grating is an inclined floor, 
which is washed down by water from a distributing 
pipe. The urinal may have a continuous or inter- 
mittent action for the flow of water. In the arrange- 
ment of the apparatus for distributing water every 
part of the urinal should be washed. In many urinals 
the divisions between the stalls never get washed, and 
consequently such urinals are never entirely free from 
smell. In this urinal the pipes for distributing the 
water are returned some distance round the divisions 
of the stalls. 

In St. Petersburgh and other northern towns the 
water supply of urinals is cut off in the winter, and 
instead thereof fresh sawdust is used in the basins, 
through which the urine percolates to the drains. 
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Area of sewered district, 19. 
Artificial life in towns, 5. 
Atmosphere, composition of, 1, 205. 
Austin, H., on ventilation by furnaces, 

220. 
Austin's gully, 285. 
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Deodorization of water-closets, 334. 
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gates, 181 to 185. 
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Sanitary agents, 1. 
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mode of disposing of, 41. 

volume of, 38. 
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ventilation of, 35, 195 to 272. 
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Steel, 167, 168. 
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Subsoil drainage, 127, 311 to 316. 
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Sulphurous acid gas, 240 to 242. 
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inverted, 303 to 311. 
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209. 
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earthenware pipes, 106 to 112. 
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Thompson's gully, 289. 
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Traps, 277 to 294. 
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Typhoid fever and sewer ventilation, 
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Underhay's regulator, 837. 
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nitrogen contained in, 3. 
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Velocity, formula for, 51. 
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of siphons, 310. 
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towns, sewage of^ 40. 

ventilation, 269, 322, 381. 
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prevention of waste. 332, 841. 
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